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SOME OBSERVATIONS ON VOGES-PROSKAUER TEST.* ^ 

ItY 

R. B.VNEIRTKA, m.h., n.r.ir., d.t.m., 

All-Imlia lustilutc of Ihjgiaw ami Public Health, Calcutta. 

[IJcci-'ivcd for puI>lic.ition. Xlny 21, 1013.] 

The fact tliat tlic original Vogc-^-Pro-skaucr (V. P.) te.st often gives faint and indefinite 
reactions lias led to tlic elaboration of .several modifications by different workers. The most 
useful of these is that described by Barritt (lO.IG). It consists in the addition of alpha-naphthol 
before the addition of the caustic alkali to the culture in glucose-phosphate medium and this 
results in an intensification of the colour change. The sensitiveness of the test is thus increased 
without loss of specificity. The purpose of the present work is to study some of the factors 
on which the test depends and to find out the optimum conditions for doing the test. Both 
V. P, and Barritt tests were studied. 

Although the British Ministry of Health (1941) recommends the sterilization of the 
medium used in the Y. P. test at 10-pound pressure, in our experience sterilization in a 
steamer at 100°C. on three successive days proved more satisfactory. This was adopted in 
these experiments. 

Period of ivcuhatiou . — One of the drawbacks of the V. P. test is that the period of incuba- 
tion originally recommended is three days and it takes another 24 hours after the addition of 
the reagent for reading the result. There is also evide'nce that the long incubation increases 
the liability of positives becoming negatives (Paine, 1927 ; Tittsler, 1938). In a series of tests 
done by the writer on known ccrogcnes strains, 71 per cent of 139 strains gave negative results 
after incubation for 3 to 4 days. In the present work 20 known cerogenes strains were 
grown in glucose-peptone broth (bactopeptone) at 37°C. and tested after 1, 2, 3 and 4 days’ 
incubation. The standard glucose-phosphate medium was used as control. The results are 
given in Table I : — 

Table I. 


Pays of culture. 


1 day. 2 days. 3 days. 4 days. 





— 

+ 

— 

-i- 



-I- 

__ 

V.P. test J 

' Glucose-phosphate medium 

.. 18 

2 

19 

1 

8 

12 

8 

12 

1 

[ Glucose-peptone medium 

.. 18 

2 

19 

1 

19 

1 

19 

1 


^ Glucose-phosphate medium 

.. 20 

0 

20 

0 

15 

6 

9 

11 

Barritt test- 









t Glucose-peptone medium 

20 

0 

20 

0 

20 

0 

20 

0 


It will be noted that with both the V. P. and the Barritt tests better results were obtained 
when the medium contained no phosphate. The results were the same after 1, 2, 3 or 4 days’ 
incubation with this medium. But in a rdedium containing phosphate, positives tended to 
become negative after more than two days’ incubation. 

Phosphate in the medium . — The fact that a larger number of positives can be obtained 
when the medium contains no phosphates and that the presence of phosphate in the medium 
turns positives into negatives if incubation is prolonged, led to a study of the role of phosphates 

* Paper read at the 31st Session of the Indian Science Congress held at Pelhi on 3rd January I944 
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Prploiir usnl in tin’ mi'diinn . — !(■ lias foiiiul that the use of difTerent br<ands of jDeptone 
gives difTerent results on known strains (vide Table IV). 

Takm: IV. 


Iiisliliitv pci'toiic. Witto peptone. Stenm’s peptone. 


■ 

J. 




- 

— 

-1- 

i 


-L 

± 

““ 

V. 1’. uidl pIllOd'f'.plKHpll.lIc 
mcdiiini. 

s 

I 

II 

9 

O 

.0 

M 

3 

3 

IS 

1 

1 

V. p. with plllctf-n. peptone 
medium. 

11 

•t 


12 

1 

7 

in 

1 

3 

18 

2 

0 

Barritt rvith pliieoee-phosphate 
medium. 

la 

7 

0 

l.'i 

.a 

0 

20 

0 

0 

20 

0 

0 

Barritt avith cliieow-pcplnne 
medium. 

20 

0 

0 

20 

0 

0 

20 

0 

0 

20 

0 

0 


Variation in rc.siilts with difTerent hrand.s of jteptone tnat’ be due to the presence in varying 
amounts of a .substance containing guanidine grouping. This i.s known to react witb diacetyl 
to produce a pink colour. It may also he duo to the defect of the phosphates present in peptone. 
Different brands of peptone tested in this Institute have been found to contain different amounts 
of phosphate. Owing to the high sensitivenc.ss of the Barritt test, the presence of small 
amounts of' phosphate in the peptone docs jjot affect its reliability. But this does not hold 
true for the V. P. test. 

pH of the medium . — The effect of variation of pH of the medium on V. P. and Barritt 
tests are shown below. The test-s were done with 3-day cultures : — 

Table V. 


B.\KniTr TEST. 


Glucose-phosphate medium. 



Ghicoso-peptone medium. 

+ ± 


pH 7 
pH 7-5 
pH 8 


10 

9 

9 


3 7 20 

0 11 20 

0 11 20 


0 0 

0 0 

0 . 0 


V. P. TEST. 


pH 7 
pH 7 '5 
pH S 


fhp ^ ^ he seen from Table V that in glucose-phosphate medium there is no difference in 
nTT ® Barritt tests on varying the pH. But in glucose-peptone medium 

P _ gives much better results than lower pH in the V. P. test, while in the Barritt test 
variation m pH had no effect. 

Discussion. 

to some intermediary products of glucose fermentation (acetoin) 

■ positive organisms as shown by Tittsler may not stop at producing acetoin from 


12 

16 

1 

3 

12 

IS 

4 

1 

12 

19 

0 

1 


the epidemic described above an opportunity was offered lo study tlic incidence of the 
serological types of the vibrios isolated and tliis report deals with tlie results obtained 
from the investigation. 

Isolation', 

Most of the cliolera patients were seen at the Isolation JTospitnl in Kunming. Since our 
laboratories are located in the countr)' we adopted a rectal-.swabhing teebnique for collecting 
specimens. Cotton-wool swabs were prepared and .sterilized in test-tubes. Karb tube before 
using was filled with 10 c.c. of peptone water of the following composition : — 


Potassium nitrite . . . . . . 1 g. 

Sodium chloride .. .. .. 100 g. 

Peptone . . . . . . . . 100 g. 

Distilled water, add up to . . . . 10.000 c.c. 

(Eeaction adjusted to pH 9-0) 


Dry, or wetted with peptone solution, the swab after loading was placed in a tube of pep- 
tone water and taken to the lalmratory in a special metal bo.v. Upon arrival, if was immediately 
incubated at 37^C. At the end of six hours one alkaline agar plate and a fresh tube of pep- 
tone water were inoculated with the surface fluid. The plate was examined after incubating 
for 12 hours. If suspicious colonies were found, four of them were routinely transferred to 
agar slants, and if negative, two additional plates were streaked with the smface growth from 
the peptone- water sub-culture. Specimens negative on two platings were considered negative. 
Altogether 129 rectal specimens were collected from llO cases of clinical cholera (1 case 
swabbed thrice; 17 cases, twice: 92 cases, once) and from them 83 strains of vibrio 
(including two inagglutinable strains) were obtained. Incidentally, stools from 12 normal 
persons, 8 cases of diarrhoaa or dysentery, 1 case with coma of unknown cause were also 
cultured, but all were, negative. Five specimens of water collected from wells in infected 
areas were also examined and from two of them two strains of inagglutinable vibrios were 
isolated. The results of examination are given in the first three columns of Table I : — 

Table I. 

Biochemical and serological study of the isolated vibrios. 


SERUM AGGLUTINATION. 

Strain. Origin. Characters. 

Stock. Inaba. Oga^va. 


1 

12-5-42 Case Typical 

— 

Micro 

2 

12-5-42 „ 

99 

■ 

99 

3 

12-5-42 

99 

— 

99 

4 

15-5-42 

99 

— 

99 

5 

16-5-42 

99 

— 

99 

6 

15-5-42 

99 

— 

99 

7 

26-5-42 

♦Typical 

— 

99 

8 

6-6-42 

Typical 

— 

99 

9 

6-6-42 

99 

— 

99 

10 

6-6-42 

99 

/ 

99 

11 

6-6-42 

99 

— 

99 

12 

6-6-42 

99 

— 

99 

13 

6-6-42 

99 

— 

99 

14 

6-6-42 

99 

— 

99 

15 

6-6-42 

99 

— 

99 

16 

10-6-42 

99 

— 

99 

17 

10-6-42 

99 

— 

99 


C40 

X 

640 

2560 

1280 

1280 

1280 

640 

640 

640 

1280 

2560 

1280 

640 

1280 

X 

1280 


X 


’so 


’so 

*40 

40 

40 

40 

40 

80 

X 

40 
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ENHANCEi\IENT OF DIPHTHERIA TOXIN PRODUCTION 

BY GLYCOLYSIS. 

BY 

SUDHINRRA NATH SEN, m.sc., 

AND 

P. N. BASU, M.B. 

{From the Bengal Immunity Laboratory, Calcutta.) 

[Received for piiblication, November 22, 1943.] 

Muelbek (1938) observed with culture of C. diphtheria} in liquid medium containing 
commercial lactic acid, (d and 1 forms) that after removal of an initial crop of zinc dl-lactate 
an abundant crop of zinc 1-lactate was subsequently obtained from the filtrate. From 
this he concluded that utilization of lactic acid by C. diphtherial was pretty definitely 
limited to the d-form, and the greater the amount of 1-form present, the less was available 
for the growth of the organism. Sodium and ammonium salts of lactic acid have been 
successfully used by various ' workers for enhancement of toxin production (Pope and 
Lingwood, 1939 ; Pappenheimer et al., 1937). From these observations it was expected 
that if the lactate be present as salt of the d-acid, more potent toxin might be obtained 
and an investigation on this line was undertaken. 

Experimental. 

It has been shown by one of us (Sen. 1943) that sarcolactic acid (d-Iactic acid) may be 
produced in veal infusion by the glycolytic breakdown of glucose. This process was utilized 
in preparing a medium rich in sarcolactic acid. 

Preparation of medium (A ). — To 1 kg. freshly slaughtered veal, 0-05 M sodium phosphate 
(Na 2 HP 04 ) 500 c.c. ; 4 per cent sodium bicarbonate solution 200 c.c. ; glucose 17 g. and 
distilled water 1,300 c.c. were added and the whole was incubated at 30°C. to 32°C. for 12 
hours with occasional shaking. No attempt was made to make the process anaerobic as it has 
been shown by Mayerhof (l930) that glycolytic process in muscle extract was not inhibited 
by the presence of oxygen. After 12 hours, the infusion was diluted further with one litre of 
water and the whole was placed in a water-bath at 80°C. and maintained at this temperature 
for hour. The pH of the infusion at this stage was usually found to be between 5-5 and 6'0 
due to the lactic acid formed. A sample was kept for the estimation of lactic acid according 
to the method of Friedemann and Graeser (1933) and the pH of the whole substrate was 
adjusted at 8‘2 with 40 per cent caustic soda solution. Ten c.c. of pancreatic extract 
(Cole and Onslow) were added every ^ hour for 6 hours and temperature was maintained 
at 50°C. Thirty c.c. glacial acetic acid were next added and the whole was boiled for 
30 minutes, filtered through lint and kept in the ice-chest overnight. Final dilution 
with water was then made so that the ultimate concentration of sarcolactic acid in the 
medium was 250 mg. to 260 mg. per 100 c.c. of the digest, pH of the broth was adjusted 
to 8-0, filtered through paper^ 0-3 per cent maltose was added and the medium was 
sterilized by steaming on 3 consecutive days. On the average, a dilution of 4 parts of 
water for 1 part veal was found suitable but in some lots a higher percentage of sarcolactic 
acid was obtained and a 1 in 6 dilution was used. 

For comparative studies, the medium (B), subsequently described, was used side by side 
with the above medium. 

Preparation of medium (jB).— To 1 kg. freshly slaughtered veal usually from the same lot 
as used for the medium (A), 3,000 c.c. water were added and the whole placed in th 

( 19 ) 



Taule I — condd. 


Strain. 

Date of 
isolation. 

Origin. 

Chnrnctera. 

Ila’inolytic 

test. 

SERUM AGGLUTINATION. 

Ski’.i'.m. 

Stock. Inaba. Ogawa. 

SO 

2-8-42 

Case 

‘Typical 


1 280 

100 


81 

2-8-42 

1 1 

ff 

— 

filO 


(iio 

82 

. 

.. 

tt 

-h 


Innpglntinnble 


83 

• 

♦ » 






8i 

. 

Water 


"T 




85 




-t- 




El Tor 


C. R. I., 








Kasanli 


-f 

1280 

X 

X 

Java 





1280 

X 

X 

Inaba 

, 




010 

X 

X 

Ogawa 

• 

tt 



1280 

X 

X 


‘Typical’ means Gram-negative, actively motile, comma vibrio which gave positive cholera-red reaction 
and liquefied gelatine *Typical fermented gliicoKC, maltose, mannite and snccharose with acid production in 
addition to other characters ; Micro, microscopical agglutination with a stock serum dilution 1 : 20 to 1 : 100 ; 
figures, highest dilution of serum in wiiich a positive reaction occurred ; X, test not done. 


Cultural studies. > 

Young agar slant cultures obtained from plates as described above were studied micro- 
soopically for motility, serum agglutination (against a stock serum), as well as other characters 
sucb as morphology and staining reaction (Gram). When suggestive, representative cultures 
were chosen, one for each specimen, and kept in Kitchen’s semi-solid medium for further study. 
The process of identification then proceeded with biochemical investigations including gelatine 
liquefaction, cholera-red reaction, carbohydrate fermentation and their effect on red blood 
corpuscles (Greig’s technique). The results are given in the fourth and fifth columns 
of Table I. 


Serological investigation. 

As stated previously it would be of great interest to see whether the different serological 
types of the cholera vibrio could be identified among the strains isolated. One strain each of 
Inaba and Ogawa organisms were obtained from the Central Research Institute, Kasauli, 
India. Both of them were in the smooth phase in so far as they formed typical smooth colonies 
and caused no spontaneous agglutination in saline. The Inaba or ‘ original ’ strain showed 
amongst vibrio bodies some long and spiral forms and on the whole the motility was not active, 
while the Ogawa or ‘ variant ’ form was typical in morphology and actively motile. They 
were strongly agglutinated by our stock cholera serum (Inaba to 1 : 2560 and Ogawa to 
1 : 1280). Both strains appeared to be highly toxic, for in the course of immunization several 
rabbits succumbed to comparatively small doses of the boiled antigens. With these standard 
strains we prepared the .specific sera in the following fashion : A 24-hour growth of the 
strain on agar slants was washed off in normal saline and the suspension boiled for two 
hours in a water-bath. This destroys the non-specific thermolabile ‘ H ’ antigen while 
the specific thermostable ‘ 0 ’ antigen is left intact. This suspension was diluted to 
contain approximately 10 billion organisms per cubic centimetre. Several rabbits were 
immunized using a two-week schedule. 

hirst week . . Monday, 0'5 c.c. subcutaneously. 

Wednesday, 1 c.c. „ . 

Rest for 4 days. 

Second week . . Monday, 0-5 c.c. intravenously. 

Wednesday, 1 c.c. „ 

Rest for 4 days, then trial bleeding. 

( 4 ) 
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From Table II it wll be seen that, with the exception of two strains (270, 284), all the 
other old cultures belong to Inaba ty])c. Whether strains 270 and 284 belong to the 
‘ intermediate ’ type of Nobcchi, as they were agglutinated ))y both of the sera equally 
well, has not been ascertained. It is curious that the old .stock cultures were less easily 
agglutinated than the fresh strains. Their titre was corn])nratively low and soinetiincs the 
agglutination was only pastial and indistinct. 

CUNICAU STUDY. 

Cholera is an acute disease. In most of our cases the clinical symptoms lasted from three 
to seven days. Exceptionally brief or protracted cases did occur hut were comparatively rare. 
Before collecting the specimen for bacteriological examination the case liistory was carefully 
scrutinized particularly in regard to the day of illness, the stage of the di.soa.se, the severity of the 
infection and whether or not the patient had been prophylactically inoculated. This was done 
for the purpose of correlating the bacteriological findings with the clinical condition and the 
stage of the attack. The date of illness begins with the onset of diarrhma and vomiting. The 
clinical stages are defined as acute, late and convalescent. The acute stage comprises the 
ordinary three clinical stages, namely preliminary diarrhoea, collapse and period of reaction ; 
the late stage denotes a time when the patient still has some diarrhoea but the frequency 
has diminished and the stool becomes atypical ; convalescent patients are free from 
diarrhoea. In judging the severit}’^ of the infection we took the frequency of bowel move- 
■ments as an index. Cases which started with more than 30 in the first 24 hours are 
considered as severe, those with 20 to 30 as moderate, and those less than 10 as light. Some 
of these divisions are very artificial and may even be illogical but they serve roughly for 
the purpose. The findings are given in Table III : — 

Table III, 


Clinical conditions in relation to recovery oj vibno. 


Day of illness. 

Days of 

Number of 
specimens. 

ILLNESS. 

Positive 

cultures. 

Negative 

cultures. 

1 

0 

9 


2 

24 : 

19 

6 

3 

22 

17 

5 

4 

12 

7 

6 

6 

6 

6 

1 

6 

11 

4 

7 

7 

10 

8 

2 

8 

5 

1 

4 

9 

1 


1 

10 

4 

• « 

4 

11 

1 

. • 

1 

12 

1 

1 

• • 

13 

, , 

• . 

• . 

14 

2 

. . 

2 


Clinical stage. 

Clinical 

Number of 
specimens. 

STAGE. 

Positive 

cultures. 

Negative 

cultures. 

Acute 

64 

44 

10 

Late 

29 

19 

10 

Convalescent . . 

16 

4 

12 
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S01\IE PHYSICAL AND ITiBlUNOLOGICAL DIFFERENCES 
BETWEEN NATURAL AND RE -CONSTITUTED 
HTOIAN 8ERUBL 


«v 

Lieut.-Coloxel S. D. S. GEEVAL, i.m.s., 

Imperial Scrologist and Chemical Examiner to the Government of India, 


AKD 

J. N. BHATTACHAEJI, b.sc., ji.b., d.t.m. (Cal.), 

Seeond Assistant. 

{From the Laboratory of the Imperial Scrologist and Chemical Examiner to the 
Government of India, School of Tropical Medicine, Calcutta.) 

[Received for publication, December 27, 1943.] 

A COMPARTSOX has been made between natural and re-constituted human seiuni with 
re.spect to the following items : colour, pH, viscosity, anticcmplementaiy title, hEercagglutina- 
tion titre and reaction with antihuman serum. 

The samples of natural serum examined were obtained from the Eed Cross Blood Bank, 
Calcutta. These represented samples of pooled and filtered serum prepared for subsequent 
drying from a frozeix state. The intertal which had elapsed between drawing of the blood 
and drUng of the serum varied in different samples from 7 to ]2 days. 

The samples of re-constituted sera examined were prepared by the addition of distilled 
water to dried powders. In addition, another form of re-constituted serum, viz. that obtained 
by saline extraction of dried stains, was included in the tests to determine the reactions with 
antihuman serum. The latter type of re-constituted serum has previously been reported to 
be defective (Greval, Chandra and Bhattacharji, 1943). 

Care was taken to ensure the equality of concentration of the dilution of natural and re- 
constituted sera. In the case of the serum re-constituted from powder, distilled water was 
added to the powder to make up exactly to the original volume of the natural serum. The 
froth index was identical in both the natural and the re- constituted sera. The equality of 
concentration of serum protein in the saline extracts from stain was determined by the-froth 
index only. 

Hsemagglutination titre was determined by the method described previously (Greval, 
Chandra and Woodhead, 1941). Open preparations consisting of mixtures of equal volumes 
of sera and suspensions of red blood corpuscles A or B were made on glass slides which were 
allowed to remain in a moist chamber for 30 minutes. The titre recorded was the initial 
dilution, in accordance with the serological usage (in bacteriological usage the titre is taken 
from the ultimate dilution). 

The results obtained are recorded in the Table. Samples bearing the same roman 
numeral were dermed from the same original serum pool. 

The following conclusions and suggestions emerge : — 

1. Viscosity. — ^Ee-constituted serum is slightly more \dscous and definitely more opaque 
than natural serum, yet the froth index of the two sera is the same. 

2. pH . — ^Drying from a frozen state and re-constitution do not alter the pH. 

3. Precipitin reaction . — The precipitin reaction of re-constituted serum is shVhtly 

lowered. , - ° 
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sub-type has been cbscxissed and tbe significance of Ibo two serological types given. No ‘ inter- 
mediate ’ type was recovered from tlie epidemic but in going over some of the old .‘•took culfiircs, 
two suggestive strains liave been found. ^ 
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The distilled-water samples were freshly collected, 0-85 ])er cent pure XaCl was added 
and the samples were then autoclaved at 120°C. for one hour. The reservoir water, prior to 
similar treatment, was incubated for 24 hours at 87°C. and kept for 48 hours a( room temjiera- 
ture. Each sample of water was tested on one or more ^'roups of 5 animals oh.servin" the 


Graph 1. 

Normal temperature curve. 



a.m. a.m. p.m, p.m. p.m. 

a — mean temperature in 100 rabbits taken at 
hourlj' internals. 

h and c — two different ranges of temperature 
recorded in groups of 6 rabbits. 


precautions previously described, and using an equal number of untreated rabbits as controls. 
Animals were distributed according to sex and weight in each group. In every case one or 
two irtitial temperature records were made before the injection of the water and 3 to 4 
subsequent to it. The fluid was injected intravenously at body temperature at the rate of 
5 c.c. per minute. The total dose injected was calculated on the basis of 1 c.c. per 100 g. 
body-weight of the animal. The results are recorded in Table I : — 


Table I. 

Effect of intravenous injection of various samples of ivater on the rectal 
temperature of groups of 5 rabbits. 


_Q • Obdinaby distilled wateb. Double-distilled wateb. Beseevoib wateb. 

S 

S Mean tempera- Mean tempera- Mean tempera- Mean tempera- Mean tempera- Mean tempera- 

's m ture variation in ture variation in ture variation in ture variation in ture variation in ture variation m 
'P "S iniected rabbits, control rabbits, injected rabbits, control rabbits, injected rabbits, control rabbits, 

S °F. ’’F. ‘F. °F. “P. 


0-4 

0-3 

0-3 

0-9 

0-5 

0-8 

1-2 

0-3 

1-1 

0-4 

0-3 

- 0-6 

0'9 

0-5 

0-6 


0-5 

2-1 


0-3 

0-5 

1-9 


0-4 

0-3 

1-7 


0-3 

0-3 

. • 


• • 

0-5 

. . 


• • 
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DAILY IMEASUREMENTS OF BASAL METABOLISM, BODY 
TEI\IPERATUEE AND PULSE RATE DURING A 
JOURNEY TO THE TROPICS*. 

BV 

ELEAROR D. MASON. 

{From (he Department of Physiology and Nutrition, Women’s Christian College, Madras.) 

[Received for publication, September 27, 1943.] 

It Las Leen demonstrated (Mason, 1934, 1940) that a change of residence from temperate 
to tropical climate produces in some individuals a fall of approximately 10 per cent in the 
basal metabolic rate. This was true of thirteen, or 62 per cent, of twenty-one English and 
American women studied in two climates. In several of these cases measurements had been 
made immediate^ before sailing from London or New York and again immediately after 
arrival in Madras, and it was found that the change had taken place during the journey and 
that the lower rate of heat production was established by the time of arrival. 

"With the purpose of finding out how long an exposure to tropical climate was necessary 
before the change became established, E. D. M., a woman aged 42, height 169 cm., weight 54 
ke., who was known to be one in whom this adaptation occurred, took a Benedict-Eoth meta- 
bolism apparatus with her on her journey from San Francisco to Madras in June 1940. She 
was travelling alone but was exceedingly fortunate in finding at once a fellow-passenger who 
was a nurse and had had experience in making metabolism measurements, and before the 
nurse disembarked at Yokohama another fellow-passenger going all thetray to India was trained 
in the technique of measuren;ent. Dming the week’s halt at Manila between boats she 
stayed in the nurses’ bungalow adjoining St. Luke’s Hospital and with her own apparatus 
set up in her room was measured bj’’ the nurse who regularly did metabolism tests for that 
hospitalf. Thus, it was possible to get daily tests on one subject before rising in the 
morning, all through the journey wliich involved an abrupt transition from coinfortable 
temperate climate to the tropics. The only exceptions -to the daily tests were from San 
Francisco to Honolulu, when the oxygen cylinder could not be located on the boat, and 
one day, 9th Jrme, when the subject spent the night on land in Tokyo and travelled over- 
land to rejoin the boat at Kobe. The voyage ended at Colombo, but control measurements 
were made in Madras on the same apparatus immediately after arrival there. 

The tests, graphically recorded, were satisfactory in all cases. The voyage was smooth 
and the subject was not sea-sick. Diet was regular and kept approximately uniform in quan- 
tity and quality. Deck space was very limited in the class in which she was travelling, so the 
voyage was of necessity inactive, and accompanied by a slight gain, in weight, but the 
inactivity was uniform throughout the period of experiment. Thus, the only changing 
factor was climate. 

The results are shown in the Table and charted in the Graph. The climatic change in 
sailing south from Kobe to Sfanila occurred at approximately latitude 22‘^N. and was ideally 
abrupt for such a study. Up to llth June it was ccol, from 12th June cn it was thoroughly 
tropical. The charted daily changes in basal metabolism show on the first and second days 
after entering the tropics a higher metabolic rate, accompanied by a slightlv higher body 
temperature. The metabolism began to fall frem the third day, and by 19th June, one 


* The -nTiter gratefully acknowledges the interest of Dr. Cecil B. Drinker of the Department of Phvsioloev 
Harvard School of Public Health, in encouraging her to undertake this experiment, and the gift of the Benedict! 
Both metabolism apparatus and other accessories from Harvard University. 

t The writer is under much obligation to these three women who rose early everj- morning to make the measure- 
ments : Miss E. Engler, h.n., IMrs. Gwendolvn Torkelson and Mrs. Charlotte Mallon- Howell bk of Rt Tnl-oC 
Hospital, Manila. ’ ‘ " ® 
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series of rabbits in parallel witli the pyrogenic test in order io dctcrininc 'which was best 
suited to routine laboratory work. Eleven rabbi! s were subjected lo tcnipcrnfiire record- 
ings and leucoc 5 ’te estimations at regular intervals for one week ])rior lo injection with 
pyrogenic substance. Temperature was recorded immediately before taking blood samples 
to avoid any influence on temperature of the procedures of blood ""collection. On 


Graph 2. 

Pyrogenic resj^onse from strains 4 and bb. The arrows indicate the time of 
injection of the fluids containing the cultures. Average of 5 
rabbits in each case. 


OF. 



pyrogenic rc.sponso : strain 4, 

ft f» ff tjb. 

Controls (injected with doiihle- 
distilled water). 


completion of this period of observation, a suspension of each of strains 4 and 66 in 
double-distilled water representing 25 million organisms per cubic centimetre was injected 
in doses of 1 c.c./lOO g. body-weight. Leucocyte counts were made using Neubauer type 
of heemocytometer and hourly rectal temperatures were recorded. The results are shown 
in Table III. 

Suspensions of strains 4 and 56 prod‘uced definite and marked hyperpyrexia in all of 
the 6 rabbits injected with each strain. They also produced a slight fall in the leucocyte 
counts amounting on the average to 1,783 and 2,341 per c.mm. respectively for the 
same two groups of animals. The average hourly variation in leucocyte counts in these 
rabbits prior to injection was about 1,000 per cubic millimetre. Th'us the reduction of 
leucocytes following injection of pyrogenic fluid could not be considered significant in 
view of. the possibility of errors involved in any blood-counting technique. In our experi- 
ments a reduction of the leucocyte count by 4,000 per cubic millimetre or over was 
never observed. 
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Ejjcct of Nos. 4 and 5 b ■pyrogenic organisms on the total leucocyte counts and rectal temperatures of rabbits as compared 

with normal daily and weekly vaiiations in the same animal. 
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Summary and conclusions. ^ 

1. A detailed investigation on tlie suitability of biological tests for the detection of 
pyrogens in fluids used for intravenous injection lias been carried out. Normal temperature 
variation in 100 rabbits has been Avorked out. The precautions, necessary for carrying out 
the hyperp}T:exia test with accuracy, following injection of pyrogenic fluids in rabbits, have 
also been described. 

2. Two strains of pyrogenic organisms have been isolated from a sample of water from 
a public reservoir and their characters studied. 

3. A comparison of the hyperpyrexia and leucopenia tests as carried out in rabbits 
using suspensions of these two organisms showed that while the former is a fairly satisfac- 
tory method of pyrogen estimation, the latter has not been found suitable for this purpose. 
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APPENDIX. . 

Cultural characters of strains 4 and 5b isolated from reservoir water, sample 2. 

Strain 4. Strain r>b. 


Jlorphology . . . . Rod-shaped, aerobic b n c i 1 1 n .s, Rod-shaped, aerobic, non-sporing, 

, non-sporing and iion-chronio- clironiogcnic, growing freely 

genic. on ordinar.y media and 

■ producing pale, pink pigment 

/ on nutrient agar. 

Staining characters . . Gram-negative Gram-positive. 

Cultural characters — 


Nutrient agar 

Small, dew drop, translucent, Plat, granular, with irregular 
mucoid colonies easily emulsi- crenated margin and a central 

fiablo in water. smooth area. 

Douglas broth 

Poor growth, uniform turbidity. Uniform turbidity, dense growth, 
no pellicle, no deposit. no pellicle, slight deposit. 

Motility 

Biochemical reactions — 

Non-motile 

Motile. 

Glucose 

— 

Acid 

Galactose . . 

— 

Acid 

Lactose 

f — 

Acid (late) 

Maltose 

— 

Acid 

Mannite . . 

— 

Acid 

Duloite 

— 

Acid 

Saccharose 

— , 

Acid 

Dextrin 

— 

Acid 

Raffinose . . 

— 

Acid 

Indole production 

— 


Litmus milk 

No change 

No change. 

Gelatin 

No liquefaction 

No liquefaction. 

V. P. 

— 


M. R. 

— 



The organism belongs to the The organism belongs to the 
achromobaoterium group. chromobacterium prodigiosum 

group. 
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SOME OBSERVATIONS ON VOGES-PROSKAUER TEST.* ^ 

I)V 

R. B.VNERJEA. M.it., n.r.ir., d.t.m., 

All-India Institute of Hygiene and Public Health, Calcutta. 
tllcci'ivcd for puhlic.it ion. Mny 21, 1013.] 

The fact that the original Vogc.'i-Pro.A'aucr (V. P.) te.st often gives faint and indefinite 
reactions has led to the elaboration of several modifications by different workers. The most 
useful of these is that described by Barritt (lO.'lG). It consists in the addition of alpha-naphthol 
before the addition of the catisti'c alkali to the culture in glucose-phosphate medium and this 
results in an intensification of the colour change. The sensitiveness of the test is thus increased 
without loss of specificity. The purpose of the present work is to study some of the factors 
on which the test depends and to find out tlie optimum conditions for doing the test. Both 
V. P, and Barritt tests were studied. 

Although the British ]\rinistry of Health (194]) recommends the sterilization of the 
medium used in the Y. P. test at 10-pound pressure, in our experience sterilization in a 
steamer at 100°C. on three successive days proved more satisfactory. This was adopted in 
these experiments. 

Period of incubation . — One of the drawbacks of the V. P. test is that the period of incuba- 
tion originally recommended is three days and it takes another 24 hours after the addition of 
the reagent for reading the result. There is also evide'nce that the long incubation increases 
the liability of positives becoming negatives (Paine, 1927 ; Tittsler, 1938). In a series of tests 
done by the writer on known ccrogenes strains, 71 per cent of 139 strains gave negative results 
after incubation for 3 to 4 days. In the present work 20 known cerogenes strains were 
grown in glucose-peptone broth (bactopeptone) at 37°C. and tested after 1, 2, 3 and 4 days’ 
incubation. The standard glucose-phosphate medium was used as control. The results are 
given in Table I : — 

Table I. 


Pays or culture. 


1 day. 2 days. 3 days. 4 days. 





— 


— 

-i- 

— 

-I- 



V.P. test J 

' Glucose-phosphate medium 

.. 18 

2 

19 

1 

8 

12 

8 

12 

1 

[ Glucose-peptone medium 

.. 18 

2 

19 

1 

19 

1 

19 

1 

Barritt test- 

^ Glucose-phosphate medium 

.. 20 

0 

20 

0 

15 

6 

9 

11 


t Glucose-peptone medium 

.. 20 

0 

20 

0 

20 

0 

20 

0 


It will be noted that with both the V. P. and the Barritt tests better results were obtained 
when the medium contained no phosphate. The results were the same after 1, 2, 3 or 4 days’ 
incubation with this medium. But in a niedium containing phosphate, positives tended to 
become negative after more than two days’ incubation. 

Phosphate in the medium . — The fact that a larger number of positives can be obtained 
when the medium contains no phosphates and that the presence of phosphate in the medium 
turns positives into negatives if incubation is prolonged, led to a study of the role of phosphates 

* Paper read at the 31st Session of the Indian Science Congress held at Pelhi on 3rd January 1944 
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in the V. P. test. Hcarden and Young (1 905) liad found tlint tlie addition of inorganic plioapliate 
increases sugar fermentation by yeast. But similar rcstdt.s liavc not been recorded for 
bacteria. Hence e.vperiments were conducted in wliicli V. and Barritt tests were 
done, after culturing (vroffcnes strains in glucose medium containing varying amounts of 
phosphate. The results are given in Ta])los 11 and III ; — 

Table II. 






r. p. 

Tr.ST. 






B.tniliTT 

TK-ST. 




24 

hours. 


48 

Iioiir.-. 

• 

72 

hnii 

rn. 

24 

lioiirs. 

48 hours. 

72 

hours. 


+ 

-U 

- d 

— 

1 

‘r 

ih 

— 

-r 

i 

— 


.1. 

1 

. 

‘f* 


"T 

Glucose-pcptonc . . . . 1 

No phosphate . . . . | 

20 

0 

0 

20 

0 

0 

18 

1 

1 

20 

0 

20 

0 

20 

0 

Glucose-peptone . . . . 

Phosphatc'O'l percent .. ’ 

20 

0 

0 

20 

0 

0 

19 

1 

0 

20 

0 

20 

0 

20 

0 

Glucose-peptone . . . . ; 

Phosphate 0'2 per cent . . ' 

20 

0 

0 

20 

0 

0 

IS 

2 

0 

20 

0 

20 

0 

19 

1 

Glucose-peptone . . . . j 

Phosphate 0‘3 per cent . . ' 

20 

0 

0 

20 

0 

0 

15 

1 

4 

20 

0 

20 

0 

17 

3 

Glucose-peptone . . . . ■ 

Phosphate 0‘4 per cent 

20 

0 

0 

15 

r, 

0 

8 

7 

5 

20 

0 

20 

0 

15 

5 

Glucose-peptone . . 

Phosphate O'o per cent 

20 

0 

0 

10 

8 

2 

5 

G 

9 

20 

0 

19 

1 

15 

5 


Table III. 



Number of 
(crogenes 
strains. 

Positive. 

Negative. 



Per 

Per 



cent. 

cent. 

V. P. test with medium containing phosphate 

139 

40 (28-78) 

99 (71-22) 

V. P. test with medium containing no phosphate 

174 

154 (88-51) 

20 (11-49) 

Barritt test with medium containing phosphate 

124 

100 (80-C5) 

24 (19-35) 

Barritt test with medium containing no phosphate . . 

124 

120 (96-78) 

4 (3-22) 


In Table III the results are after 3 to 4 days’ incubation. 

It will be seen that when'^the Barritt test is done with 24- or 48-hour cultmes there is no 
material variation in the result even if the phosphate content of the medium is varied. But 
when the same test was done on 72-hour cultures the number of negatives increased when the 
pIiospTaate content was increased. 

If the V: P. test is done with a 24-hour culture there is no change in the number of 
positives. But if 48- or 72-hour cultures are used the presence of phosphates decreases the 
number of positives. 

A possible explanation is that the phosphate enhances the fermentation of glucose and 
leads to a further breakdown of the acetoin if the incubation is prolonged. 
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Prploi!/' i/vrv? ill ifir tnnjium. — 1( lias lipon fomul that the use of different brands of jDeptone 
piros different results on known strains (nrJr Table JV). 

Ta1!m; IV. 


Iii-.litiit<' pcpiotu-. Witte peptone. Stenm’s peptone. 

jJ. .1. — -i. ~I» 


V. 1’. uidi EliiOd'f'.plid'.pli.ilc 

medium. 

s 

I 

It 

!) 

•) 

0 

11 

3 

3 

IS 

1 

1 

V. P, with plllc'f-e. peptone 
medium. 

n 

•1 

,7 

12 

1 

7 

in 

1 

3 

18 

2 

0 

Barritt rvith plueoee-pho'.phate 
medium. 

la 

7 

0 

l.'i 

.'i 

0 

20 

0 

0 

20 

0 

0 

Barritt mith plueow-pcptone 
medium. 

20 

0 

0 

20 

0 

0 

20 

0 

0 

20 

0 

0 


Variation in rc.siilts with different hrand.s of peptone tnay be due to the presence in varying 
anionnts of a .substance containing guanidine grouping. Thi.s is known to react witb diacetyl 
to produce a pink colour. It. inav also be due to the defect of the phosphates present in peptone. 
Different brands of peptone tested in this Institute have been found to contain different amounts 
of phosphate. Owing to the high .scn.sitivene.ss of the Barritt test, the presence of small 
amounts of phosphate in the peptone docs not affect its reliability. But this does not hold 
true for the V. P. test. 

pH of the nmlnim . — The effect of variation of pH of the medium on V. P. and Barritt 
tests arc shown below. The test-s were done with 3-day cultures : — 

Table V. 


B.mitutt test. 


pH 7 
pH 7-5 
pH 8 


Glucose-phosphate medium. 



Glucose-peptone medium. 

+ ± 


3 7 20 0 0 

0 11 20 0 0 

0 11 20 0 . 0 


V. P. TEST. 


pH 7 
pH 7-5 
pH S 


12 

16 

1 

3 

12 

IS 

4 

1 

12 

19 

0 

1 


the he seen from Table V that in glucose-phosphate medium there is no difference in 

nTT ® Barritt tests on varying the pH. But in glucose-peptone medium 

pn_a gives much better results than lower pH in the V. P. test, while in the Barritt test 
variation m pH had no effect. 


DiSCUSSIOA'. 

V intermediary products of glucose fermentation (acetoinl 

• positive organisms as shown by Tittsler may not stop at producing acetoin from' 

J, (17) 2 


glucose. If conditions are favourahle the acetnin is likely to ])c further hroken down and 
utilized by the organism as a source of carbon and- thus* a V. ?. positive organism may 
become V. P. negative. 

To get the best results, the test should be done under conditions wliicli will ensure the 
presence of acetoin. IVith many arogcncs strains prolonged incubation af. in a medium 
containing phosphate may break down the acetoin. In order to ])revent this a .shorter 
period of incubation is desirable. This is probably the reason winy in the latest edition of 
the British Jlinistry of Health’s Beport Ho. 71 (1011) incubation 'for two davs lias been 
recommended in place of the usual three days. One hundred jicr cent of known strains 
give positive results after 24 hours’ incubation in a glucose-peptone medium. Our opinion 
is that the sensitivity of Barritt’s test is definitely superior to the P. test and as such 
should be adopted. 

Max Levine (1941) stresses the necessity for incubating tlie culture for five days as 
originally introduced by Clark and Lubs and the temperature recommended is 30°C. It 
appears that this low temperature merely helps in slowing the metabolism' of the organism 
and preventing the breaking down of acetoin. But this method besides being a dilatory 
one is also disadvantageous because, fn most laboratories, incubators arc kept at 37°C. and 
not at 30°C. It may be argued, however, that in identifying a coliform organism not only 
Y. P. but also Methyl Bed (M. B.) tests are usually done. As the M. B. test is done after 
3 days it would be advantageous to do both tests at the same time. In sucli a case 
we would recommend the Barritt test to be done Avith glucose-peptone medium and the 
M. E. test with glucose-phosphate medium. 

V 

Conclusion. 

Even under optimum conditions the original Voges-Proskauer test is never so satisfac- 
tory as the Barrtt test and the latter is best done after two days’ or even one day’s 
incubation at 37 C. in glucose-phosphate or glucose -peptone medium. If it is desired to 
do the Y. P. or Barritt test after the usual three days’* incubation, instead of after one 
day’s incubation, glucose-peptone of pH 8 should be used in place of glucose-phosphate 
medium. , 
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ENHANCEi\IENT OF DIPHTHERIA TOXIN PRODUCTION 

BY GLYCOLYSIS. 

BY 
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{From the Bengal Immunitg Laboratory, Caleutla.) 

[Received for publication, November 22, 1943.] 

Muelbek (1938) observed witli culture of C. diphtheria} in liquid medium containing 
commercial lactic acid, (d and 1 forms) tliat after removal of an initial crop of zinc dl-lactate 
an abundant crop of zinc 1-lactate tvas subsequently obtained from the filtrate. From 
this he concluded that utilization of lactic acid by C. diphtheria; was pretty definitely 
limited to the d-form, and the greater the amount of 1-form present, the less was available 
for the growth of the organism. Sodium and ammonium salts of lactic acid have been 
successfully used by various *' workers for enhancement of toxin production (Pope and 
Lingwood, 1939 ; Pappenlieimer et al., 1937). From these observations it was expected 
that if the lactate be present as salt of the d-acid, more potent toxin might be obtained 
and an investigation on this line was undertaken. 

Experimental, 

It has been shown by one of us (Sen. 1943) that sarcolactic acid (d-lactic acid) may be 
produced in veal infusion by the glycolytic breakdown of glucose. This process was utilized 
in preparing a medium rich in sarcolactic acid. 

Preparation of medium (A). — To 1 kg. freshly slaughtered veal, 0-05 M sodium phosphate 
(Na 2 HP 04 ) 500 c.c. ; 4 per cent sodium bicarbonate solution 200 c.c. ; glucose 17 g. and 
distilled water 1,300 c.c. were added and the whole was incubated at 30°C. to 32°C. for 12 
hours with occasional shaking. No attempt was made to make the process anaerobic as it has 
been shown by Mayerhof (l930) that glycolytic process in muscle extract was not inhibited 
by the presence of oxygen. After 12 hours, the infusion was diluted further with one litre of 
water and the whole was placed in a water-bath at 80°C. and maintained at this temperature 
for hour. The pH of the infusion at this stage was usually found to be between 5-5 and 6'0 
due to the lactic acid formed. A sample was kept for the estimation of lactic acid according 
to the method of Friedemann and Graeser (1933) and the pH of the whole substrate was 
adjusted at 8‘2 with 40 per cent caustic soda solution. Ten c.c. of pancreatic extract 
(Cole and Onslow) were added every ^ hour for 6 hours and temperature was maintained 
at 50°C. Thirty c.c. glacial acetic acid were next added and the whole was boiled for 
30 minutes, filtered through lint and kept in the ice-chest overnight. Final dilution 
with water was then made so that the ultimate concentration of sarcolactic acid in the 
medium was 250 mg. to 260 mg. per 100 c.c. of the digest, pH of the broth was adjusted 
to 8-0, filtered through paper^ O'S per cent maltose was added and the medium was 
sterilized by steaming on 3 consecutive days. On the average, a dilution of 4 parts of 
water for 1 part veal was found suitable but in some lots a higher percentage of sarcolactic 
acid was obtained and a 1 in 6 dilution was used. 

For comparative studies, the medium (B), subsequently described, was used side by side 
with the above medium. 

Preparation of medium (jB).— To 1 kg. freshly slaughtered veal usually from the same lot 
as used for the medium (A), 3,000 c.c. water were added and the whole placed in th 
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water-batli at 80°0. Digestion and subsequent processes were carried out just as in 
medium (A). 

Prodticdon of toxin . — Brotli was left at room tcinpcTaturc for at least 48 Iiours 
before inoculation. The ParkAVilliams 8 strain was used througliout tlie experiment. 
The cultures were incubated at 3.5°C. and toxin harvested after 7 days. Dcrmonecrotic 
test was done on guinea-pigs and the number of Lf doses present per cubic centimetre 
was determined. ' Kcsults are recorded in Table I ; — / 


Tarlk I. 


Medium. 

Number of 
experiment-;. 

Total nitrogen mg. 
per 100 c.c. broth. 

Avr.nAOr. nrsvhTS, 

Sarcolactic mp. Lf clo-se.-! per 

per 100 c.c. brotli. c.c. of toxin. 

MRD 

per c.c. of toxin. 

- (A) 

32 

350 

2r)0 to 200 

30 

25x10' ■ 

(B) 

34 

330 

12.J to MO 

27 

15x10' 


l^taximum floccufation titre of toxin in medium (A) was 54 Lf doses per c.c. and the 
minimum figure was 26. Corresponding figures for medium (B) were 40 and 16. With 1 in 6 
dilution of broth in medium (A) keeping sarcolactic acid concentration approximately at 
250 to 260 mg. per 100 c.c. and with 1 in 6 dilution of medium (B), similar dift'erenees as" 
shown in Table I were observed- 

Slaiislical evaluation of results (Burn, 1937) : — 


Table II. 

Medium. 

Number of 
experiments. 

Moan result i S. E. 

T. 

(A) 

32 

30 ± 1-7 ] 

'5-7 

(B) 

34 

27 ± 1-21 / 



where, S. E. = Standard error, 

T. = Test of significance, 

m^ and m^ are respective mean results and e^ and respect- 
ive standard errors of media (A) and (B). 

Summary. 

From the results given in the text it appears that there is significant enhancement of 
diphtheria toxin production, using a veal infusion medium prepared in the manner described 
which favours the glycolytic production of sarcolactic acid. This medium is inexpensive 
and can Im-"** ’ prepared in any bacteriological laboratory. Observation oyer a prolonged 
period hr that there is no marked seasonal variat' in the 
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Sceond Assistant. 

{From the Laboratory of the hnperial Scrologist and Chemical Examiner to the 
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[Received for publication, December 27, 1943.] 

A COMPARISON has been made between natural and re-constituted human seiuni with 
re.spect to the following items : colour. pH, viscosity, anticcmplementaiy title, hEercagglutina- 
tion titre and reaction with antihuman serum. ^ 

The samples of natural serum examined were obtained from the Eed Cross Blood Bank, 
Calcutta. These represented samples of pooled and filtered serum prepared for subsequent 
drying from a frozen, state. The intertal which had elapsed between drawing of the blood 
and drj-ing of the serum varied in different samples from 7 to ]2 days. 

The samples of re-constituted sera examined were prepared by the addition of distilled 
water to dried powders. In addition, another form of re-constituted serum, viz. that obtained 
by saline extraction of dried stains, was included in the tests to determine the reactions with 
antihuman serum. The latter type of re-constituted serum has previously been reported to 
be defective (Greval, Chandra and Bhattacharji, 1943). 

Care was taken to ensure the equality of concentration of the dilution of natrrral and re- 
constituted sera. In the case of the serum re-constituted from powder, distilled water was 
added to the powder to make up exactly to the original volume of the natural serum. The 
froth index was identical in both the natural and the re- constituted sera. The equality of 
concentration of serum protein in the saline extracts from stain was determined by the-froth 
index only. 

Hsemagglutination titre was determined by the method described previously (Greval, 
Chandra and Woodhead, 1941). Open preparations consisting of mixtures of equal volumes 
of sera and suspensions of red blood corpuscles A or B were made on glass slides which were 
allowed to remain in a moist chamber for 30 minutes. The titre recorded was the initial 
dilution, in accordance with the serological usage (in bacteriological usage the titre is taken 
from the ultimate dilution). 

The results obtained are recorded in the Table. Samples bearing the same roman 
numeral were deriv^ed from the same original serum pool. 

The following conclusions and suggestions emerge : — 

1. Viscosity. — ^Ee-constituted serum is slightly more Uscous and definitely more opaque 
than natural serum, yet the froth index of the two sera is the same. 

2. pH . — ^Drying from a frozen state and re-constitution do not alter the pH. 

3. Precipitin reaction . — The precipitin reaction of re-constituted serum is shVhtly 

lowered. , - ° 
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The precipitin reaction of the saline extracts (= sernni re-consfituted from a dry state 
obtained witho\it freezing) is markedly lowered. That this is not due to a deficiency of scinni 
protein is established by the equality of the froth index with a known dilution of natural seruin. 
The lowered reactivity results from a defective re-constitution alone. ICxtracts made with 
distilled water instead of saline solution are known to fzivc even a jioorer reaction. 

The precipitin reaction of serum dried for the second time, in the. ordinarv way, as a 
stain, from re-constituted serum, is further lowered though .slightly. 

4. Harmagglud nation titre. — The hccmagglutination titre of pooled normal sera is much 
lower than the 1 in 16 titre recommended as a standard for the ])lasma of a safe nniver.snl 
donor (Greval and Chandra. 1969. ]911 : Greval. Chandra and ‘Woodhead. loc. oil.). Pooling 
besides weakening the sera a and b (from subjects B and A re.sjieetivcly) by dilution ])artly 
neutralizes the isonins (isoha}magglntinins) a and h with isogens (isoha'inagnlutinogen.s) A and 
B which are also present in the sera (B in a and A in b). Pooled scrum is a weak scrum ah 
with isonins a and b nearly equal. This equality of tlie isonins is not .shown in the Table. 
The isolysins (Greval. Bhattacharji and Chowdhury. 1916). if pre.sent in some sera, arc also 
neutralized or weakened by the .same process. The titre of re-constituted scrum is still 
lower. 

5. AoUicoynplcmcntary titre. — The anticomplementary titre of pooled natural serum and 
of re-constituted serum is definitch- higher than that of most nonnal sera tested individually 
(as in the "Wassermann reaction). This is significant in view of (?) the ‘ reactions, often severe, 
occurring when serum (not plasma S. D. S. G.) is cm])loycd intravenously ' (Stiumia, "Wagner 
and Monaghan, 1940 ; Buttle, Kckwick and Schweitzer, 1940). and (??) the fact that at least in 
the shock due to immunological causes (anaphylaxis) the dccicase in the complement of the 
circulating blood is a finding (Topley. 1933). The quc.stions aiise (?) whether there is a decrease 
in the complement of the circulating bleed in suigical shcck also. (?'?) whether a rcducticn 
(or a further reduction) of the complement and th.c consequent worsening .of the clinical 
picture, after transfusion with human senun, have I con responsible for the reported ill 
effects of human, serum. (???) whether the period of storage of sera collected for drying 
should be shortened (human serum is known to become anticomplementary on keeping). 
(?v) whether plasma, stored or dried, would be a better therapeutic agent than serum, and 
(t') Avhether the anticomplementary titre of the re-constitutecl sera (or of the stored liquid 
sera) should be reduced by heating them at 56®C. for half an hour (the ‘ inactivation ’ of 
the sera at 56°C. for half an hour in the complement fixation is done more to remove the 
anticomplementary agents than to render the native complement inactive). 
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DAILY IMEASUREIMENTS OF BASAL METABOLISM, BODY 
TEI\IPERATUEE AND PULSE RATE DURING A 
JOURNEY TO THE TROPICS*. 

BV 

ELEANOR D. MASON. 

[From the Dejrarhncnt of Physiology aiirf Nnirilion, TTomeii’s Christian College, Madras.) 

[Received for publication, September 27, 1943.] 

It Las been demonstrated (Mason, 1934, 1940) tLat a change of residence from temperate 
to tropical climate produces in some individuals a fall of approximately 10 per cent in the 
basal metabolic rate. This was true of thirteen, or 62 per cent, of twenty-one English and 
American women studied in two climates. In several of these cases measurements had been 
made immediate^ before sailing from London or New York and again immediately after 
arrival in Madras, and it was found that the change had taken place during the journey and 
that the lower rate of heat production was established by the time of arrival. 

"With the purpose of finding out how long an exposure to tropical climate was necessary 
before the change became established, E. D. M., a woman aged 42, height 169 cm., weight 54 
kc., who was known to be one in whom this adaptation occurred, took a Benedict-Eoth meta- 
bolism apparatus with her on her journey from San Francisco to Madras in June 1940. She 
was travelling alone but was exceedingly fortunate in finding at once a fellow-passenger who 
was a nurse and had bad experience in making metabolism measurements, and before the 
nurse disembarked at Yokohama another fellow-passenger going all theway to India was trained 
in the technique of measuren.ent. During the week’s halt at Manila between boats she 
stayed in the nurses’ bungalow adjoining St. Luke’s Hospital and with her own apparatus 
set up in her room was measured bj' the nurse rvho regularly did metabolism tests for that 
hospitalf. Thus, it was possible to get daily tests on one subject before rising in the 
morning, all through the journey wliich im'olved an abrupt transition from comfortable 
temperate climate to the tropics. The only exceptions -to the daily tests were from San 
Francisco to Honolulu, when the oxygen cylinder could not be located on the boat, and 
one day, 9th Jrme, when the subject spent the night on land in Tokyo and travelled over- 
land to rejoin the boat at Kobe. The voyage ended at Colombo, but control measurements 
were made in Madras on the same apparatus immediately after arrival there. 

The tests, graphically recorded, were satisfactory in all cases. The voyage was smooth 
and the subject was not sea-sick. Diet was regular and kept approximately uniform in quan- 
tity and quality. Deck space was r ery limited in the class in which she was travelling, so the 
voyage was of necessity inactive, and accompanied by a slight gain in weight, but the 
inactivity was uniform throughout the period of experiment. Thus, the only changing 
factor was climate. 

The results are shown in the Table and charted in the Graph. The climatic change in 
sailing south from Kobe to hfanila occurred at approximately latitude 22^N. and was ideally 
abrupt for such a study. Up to llth June it was ccol, from 12th June cn it was thoroughly 
tropical. The charted daily changes in basal metabolism show on the first and second days 
after entering the tropics a higher metabolic rate, accempanied by a slightly higher body 
temperature. The metabolism began to fall frem the third day, and by 19th June, one 


* The -nTiter gratefully acknowledges the interest of Dr. Cecil B. Drinker of the Department of Phvsiology 
Harvard School of Public Health, in encouraging her to undertake this experiment, and the gift of the Benedict 
Roth metabolism apparatus and other accessories from Harvard University. 

t The writer is under much obligation to these three women who rose early everj- morning to make the measure- 
ments : Miss E. Engler, H.x., jMrs. Gwendolvn Torkelson and Mrs. Charlotte Mallory Howell bk of St Inke’c 
Hospital, Manila. ‘ " ' ^ ® 

( 27 ) 


week after entering. the tropics, it had fallen to 28‘1 calorics j)er scjnnrc metre per hour, 
10 per cent less than the average rate for tliis subject in America. Dming the second 
week witli fluctuations wliicli may or may not linve been related to the men.‘'friml cycle, 
it continued to fall slightly more, the lowest record being 27 •] calorics. By 2Gth .lime, 
two weeks after entering the tro])ics, it appears to have become cstabli.shed at the final 
tropical rate. 

"J’aijlk. 

Daily basal measurements on E. D. il/. of metabolism, mouth temperature and pulse 
rate on a journey from San Frajicisco to Madras. 


Date, Place. 


Botl}-- 

woight, 

g- 


Aik TKMriaiATnnn, 

“F. 

Dry bull). Wet bulb. 


JlDiith 

ternperntiirc, 

“F. 


I’liDe 

rate. 


Calories 

square 

metre 

hour. 


IlEJfAKKS. 


I\ray 31 

Leaving Honolulu 


53-3 

76 

June 

1 




73 

99 

3 




75 

99 

4 



• . 

72 

99 

5 



54-2 

Gfi 

9 9 

0 




on 

99 

7 



54-2 

on 

99 

S 

Nearing Yokoliamn 


53-8 

c.n 

99 

9 

Land Tokyo to Kobe 


70 

99 

10 

Leaving Kobe 


54-0 

on 

99 

11 



. • 

73 

99 

12 



54-4 

84 

99 

13 



, , 

sn 

99 

14 

Sinnila harbour 



■ no 

99 

15 

Manila land 



80 

9* 

IG 

99 99 



no 

99 

17 

99 99 


. 

87 

99 

18 

99 99 


55-7 

88 

99 

19 

99 99 


.55*7 

no 

99 

20 

99 99 


. . 

— 93 

99 

21 

99 91 


. . 

80 

99 

22 

Leaving Manila 


- 

no 


23 




88 

9 

24 




78 

99 

25 




88 

9 

26 




88 

99 

27 

Singapore harbour 



93 

99 

28 

99 99 


55T 

92 

99 

29 

Nearing Penang 



88 

99 

30 




91 

July 

1 




89 


2 




86 

99 

3 




80 


4 

Colombo harbour 



. • 

99 

5 

Train 



, , 

99 

6 

Arrived Madras 



. » 

99 

7 




. . 

99 

8 

Madras . . 


53*9 

97 

99 

9 

99 • • 


54*1 

95 


73 

98*1 

0.5 

30*2 

Jlenstniation. 

70 

98*0 

04 

31*1 

99 

73 

98*0 

00 

31*2 

99 

on 

98*0 

04 

30*1 

99 

61 

97*8 

. 07 

30*2 


07 

98*0 

0(J 

30*7 


on 

98*0 

72 

29*0 


(!2 

97*9 

71 

29*0 


04 

, , 

, , 



04 

97*9 

00 

31*2 


72 

98:3 

74 

30*1 


79 

98*3 

70 

29*7 


81 

98*4 

73 

31*0 


81 

98*1 

74 

31*9 


81 

98*1 

09 

29*0 


82 

98*2 

00 

29*4 


70 

98*4 

(i7 

28*8 


79 

98*1 

07 

29*4 


81 

98*0 

05 

28*1 


82 

98*2 

00 

28*4 


8t 

98*3 

05 

28*0 


82 

(97*8) 

09 

29*8 

Measured at 
5-30 a.m. on 
land. 

81 

98*3 

03 

29*2 


70 

98*2 

03 

29*3 

Menstruation. 

75 

98*3 

04 

29*9 

99 

80 

98*1 

01 

27*7 

99 

85 

98*0 

00 

28*3 

99 

84 

97*9 

07 

27*1 


80 

97*8 

03 

27*7 


82 

97*8 

61 

28*8 


82 

97*9 

00 

27*9 


80 

98*0 

02 

27*8 


80 

98*0 

GO 

27*3 



97*8 

03 

28*1 


77 

97*8 

63 

27*5 

After rising, in 
laboratory. 

76 

97*8 

62 

28*3 

99 99 


This interpretation of the data, that while one week produced a marked change, another 
week was required for stabilization, is supported by the record of body temperatures. The 
chart shows that during the first two weeks in the tropics the body temperatme was at its 
highest, but that after two weeks it had established itself once more at the normal level for all 
climates for this subject. This is in accord also with the data from an earlier voyage (Mason, 
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1940) •when the mouth temperatures were found to he higlier during the first ten days in the 
tropics and then to return to normal, and indicate that not until the body’s mechanisms for 
the regulation of heat production have become adjusted to the new conditions does the body 
temperature return to its normal le^^el. 

Graph, 



Daily basal measurements on E. D. JI. of metabolism, mouth temperature and pulse 
rate on a journey from San Francisco to Madras. 

(Air temperature taken from ship’s records at 2 p.m. The fall in dry-bulb temperature 
on 24th June was due to a quickly passing rainstorm occurring at the time of measurement. _ 

At the edges of the chart are shown in dotted lines the average basal metabolic rate for this 
subject during the furlough year 1939-40 in America, at left, and during the first seven 
months after return to ^ladras, at right. Menstrual days are marked ‘ M ’. 

2nd June was dropped from the calendar on crossing the international meridian line.) 

The basal pulse rate, highest at the first entrance into the tropics, decreased, with fluc- 
tuations, to a rate slightly slower than the average rate in temperate climate. 

Since experiments of this kind are not likely to be recorded often it is important to compare 
closely these records -with the only other previously recorded similar experiment known to the 
writer, that of Martin (1930). The two sets of data are strikingly consistent. In both the- 
highest metabolic rate occurred on first entrance into the tropics, in both the fall occurred 
fairly rapidly, in his case during five days after reaching the tropics, in E. D. M.’s'case during 
one week. In both the body temperature rose sbghtly simultaneously with the sbght initial 
increase in metabolism. With the lowering of metabolism his body temperature also returned 
to normal, but his adjustment appears to haAm been completed within the first week. 

Comparison of tropical studies aauth laboratory studies on the effect 
OF artificially regulated tesiperature changes. 

Various workers haA^e studied physiological reactions to artificially regulated changes in 
envaronmental temperature. Burton, Scott, McGlone and Bazett (1940) studjdng men Imnjr 
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for several days at dilTcreiit <cni])cratiires in an air-rondilioiicd r()f)in found in flic licat an 
initial rise in both body tein])eraturc and bcaf production followed by a return to norninl tem- 
perature' and a slow fall in heat production. Their data are consi.stent with the tro{)ieal rlata 
of J^fartin and of Jfason, exce])t. that all the subjects so far .studied (si.v) ap[)ear to have shown 
only one type of resj)onse, whereas iMason (IbIM, 1910) found two types atnony the 21 women 
studied in the tropics. 

Hardy and T)u Bois (lO.'lS) and ^Vin.slow. Herrington and G'n^rof (I9.‘'7) working with men, 
unclothed, for short-period experiments of o fin' hours, found the metaiioli.sm appro.ximatclv 
constant through temperatures ranging from 22''’('. to .‘{f/C, and from t’r.'i^C. to .’to-.'/C. res- 
pectively. But Hardy and i\Iilhorat (]9o9) and Hardy and Du Bois (191t)) found for women, 
studied under the same conditions as the men. a marked frdl in heat j)rcdm tion at temperatures 
above 27°C. They conclude that there is a difTerence between men and women in their re.sponso 
to warm environments. This conclusion is not sujiportcd by the frojiieid e.xjieriments of 
i\Iartin and of iMason on themselves. Furthermore, tlic jrromjit fall in metabolism in response 
to heat reported for the women in thc.se short-period e.xjieriments dilTers from the slow adap- 
tation of several days in the two experimenters entering the trojiies. In the latter condition, 
where the adjustment is relatively slower, the indication is that the diminution in heat pro- 
duction is a ‘chemical regulation’ and that it is the rcducctl activit v of the thyroid gland 
which is the regulating factor’*'. 

Su.M.M.vnv. 

On a journey from San Francisco to India a wonum whose basal metabolism was known 
to be 10 per cent lower in the trojiics (i\radra.s) than in a temperate climate (New York and 
Boston) was measured daily with the purpo.se of finding out how long an exjio.sure to the tropics 
was necessary for this adaptation in heat production to be established. The measurements 
were made before rising in the morning, with a Bcnedict-Both metabolism apparatus. The 
conditions throughout the journey were a|)proximafely uniform with rc.spcct to diet and activ- 
ity and the transition from comfortably cool to hot humid tropical climate was abrupt. 

On the first two days after exposure to tropical heat both the basal metab’olism and oral 
temperature rose slightly. From the third day the metabolism began to fall and at tlie end 
of a week in the tropics was 10 per cent lower than the average rate for this subject in temperate 
climate. During the second week it fluctuated and fell slightly more. The oral temperature 
did not return to this subject’s normal until the end of tlie second week and it is suggested 
that the second week vas a period of stabilization of the heat balance. 

These results are consistent \\ith those of a similar experiment on himself reported by 
Martin, and support the hypothesis that the mechanism for this relatively slow adjustn^ent of 
' heat production on entering the tropics, beginning about the third day and not comjrleted for 
approximately one week, is reduced activity of the thyroid gland. 

A brief comparison is made of these tropical studies with laboratory studies by other 
workers on the effect of artificially regulated temperature changes. 
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STUDIES IN CALCIUM AND PHOSPHOEUS METABOLISM. 

Part VI. 

THE IONIC PRODUCTS OF CALCIUM PHOSPHATES IN BLOOD SERUM 

■ OF RACHITIC INFANTS. 

BY 

V. N. PATWARDHAN, 

' R. G. CHITRE, 
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D. R. SUKHATANEAR. 

[An Inquiry under the Indian Research Fund Association.) 

[From the Department of Physiology, Seth G. S. Medical College, Bombay, 12.) 

[Rsceived for publication, Februarj- 1, 1944.] 

The role of vitamin D in tlie prevention and cure of deficiency rickets is now well 
established. Its alleged influence on the absorption of calcium and phosphorus, either or both 
from the intestine, has been mainly held responsible for its curative and preventive action in 
rickets although the evidence on this question has been mainly inconclusive. Patwardhan 
and Chitre (1942) have reviewed such evidence and have shown that in albino rats the 
absorption from loops of intestine isolated in situ, proceeded equally well (a) in the state of 
vitamin D deficiency, (b) in cases where rats were protected from rickets by adequate dosage 
of vitamin D and (c) in induced hypervitaminosis D, early or late. It Has not been 
possible, however, to find an adequate explanation for the fact that in absence of vitamin 
D the retention of calcium and/or phosphorus is adversely affected. Harris (1932) has 
observed that the retention of both these elements was improved by therapeutic doses of 
Utamin D, but again decreased when massive doses of the vitamin were administered. 

Thus, it will appear that the mode of action of vitamin D so far as the retention of calcium 
and phosphorus is concerned still remains unclarified. A closer study of the development, 
progress and'eure of rickets might have been expected to reveal the secret of vitamin D action. 
Yet intensive research work by numerous workers on various phases of rickets has failed to 
improve the situation. Apart from its action of increasing the retention of calcium and 
phosphorus, ^^tamin D brings about changes in the concentration of these elements in the 
blood and affects the deposition of calcium salts at the junction of epiphyseal cartilage and 
bone shaft in a young growing animal. 

In 1919 Iversen and Lenstrup (quoted by Hess, 1930). and in 1921 Howland and Kramer 
pointed out that in rickets the serum inorganic phosphorus was decreased whereas the 
calcium remained more or less normal. Hess (loe. cit.) stated that in a number of infants 
when definite elinical signs of rickets were seen the calcium as well as the phosphorus level 
of the serum was normal. Elliot and Park (1942) observe that the decrease in calcium 
level of the serum during rickets is met with less frequently and even in such cases the 
lowering is well marked when tetany is co-existent. It is noteworthy that besides the study 
of serum calcium and phosphorus in rickets, other constituents of the serum as affected 
by rickets have received little attention. 

Various workers have shown that the proteins of serum combine with a part of the seiuin 
calcium (Loeb, 1925 ; Loeb and Nichols, 1927 ; Marrack and Thacker, 1926). McLean and 
Hastings (1934, 1935) have applied the Mass Law Equation to deduce the relationship between 
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the total calcium, total protein and ionized calciinn in scnnn. "Jlic (alcnhited vnlnos of the 
ionized calcium agiccd with those found hy the frog-heart method developed l)y tliesc authors. 
They observe that ‘ the calcium ion concentration of pla.snia at any one time i.s tlie re.sultant 
of an equilibrium between the total calcium and total protein jjrc.sent in the jda.snra. It istlie 
iorric part of the calcium that is phy.sio!ogicnlly active and is ]cc))t within normal limit.s a.sfar 
as possible. Fluctuations in protein level in resjionsc to total calcium are ncccs.sary to 

keep the ' j within the narrow limits of normalcy’, Gutman and Gutman (193G, 

1937) have made an observation that this relationship only holds good wlien the globulin 
content of the serum is normal. An increase in the concentration of this protein would 
require modification of the Mass Law Equation as apjdicd by i\Ic].ean and Hastings. 

The other component of the serunr which may influence the level of scrum calcium is the 
inorganic phosphorus (Scholtz. 1931), which in its turn may depend upon the acid-base 
equilibrium. 

Thus, it would apjrear that mere estimations of calcium and inorganic pliosphorus in rachi- 
tic or normal serum would at best give an incomplete picture of the disturbances in metabolism 
reflected in the composition of the serum wliich provides the immediate internal environment 
of the site of bone deposition. It was felt therefore that a thorough study of many other 
constituents of scrum bc.sides calcium and inorganic phosphorus was desirable, if only to 
answer whether the composition of the protein nnxturc. the ]>H of the plasma, the total 
base, etc., were in any way influenced by the deficiency of vitamin D. The investigation, 
commenced four years ago. dealt with (1) clinical rickets observed in infants and children 
and (2) experimental rickets induced in dogs. This paper deals with the results of observa- 
tions on children. 


Expekimental. 

Infants and children of both sexes between the ages of C months to 5 years were examined 
by a clinician and in cases where rickets was frankly present or sus])ected to be present a blood 
sample by venepuncture was obtained. The blood was allowed to clot and the following 
determinations were carried out on the separated serum, (1) calcium, (2) inorganic phosphorus,' 
(3) total protein and (4) albumin and globulin. The methods for the estimation of calcium and 
phosphorus have been described by Patw'ardhan and Chitre (1940) in an earlier j)aper. The 
total protein was estimated by IvjeldahTs method on O'S c.c. serum. The determination of 
albumin and globulin, total chlorides, total base, etc., w'as also carried out in most cases and the 
non-protein nitrogen in some cases : but since no result of any significance has been obtained 
they will not be further mentioned in this paper. 

Blood serum from about one hundred cases has been analysed, but owung to difficulties 
which sometimes arise in obtaining an adequate amount of blood from the vein of infants 
complete data for 79 cases of suspected and frank rickets W’^ere available for study. The 
X-ray pictures of the distal ends of radius and ulna were taken in 54 of these cases, of which 44 
showed characteristic radiological picture of rickets in varying degrees and 10 displayed doubt- 
ful or no rachitic changes in bone although the clinical diagnosis was that of rickets. In the 
remaining 25 no X-ray pictures were available, dependence being placed entirelj'^ on the 
diagnosis by the clinician. Unfortunately, the history and the clinical findings of most of 
the patients have been inadequately recorded and hence no correlation can be attempted 
between the clinical appraisal of the severity of rickets, the radiological evidence and the 
blood findings. 

Discussion. 

The number of normal children whose blood serum has been analysed is only eleven. It 
is admittedly inadequate, yet certain differences between the rachitic and normal blood 
serum are markedly consistent and are in conformity with the findings in experimental 
rickets (to be published shortly). 
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Froquonoy distribution of tUo solubility products of CaHPO, and Caj (POi)j in rachitic and normal children. 







[Ca+^]i 


in column 7 liav( 


The Tables include all the relevant data. 1’he values for 
been derived by reference to the nomogram of McLean and Hastings (193:jr;) based on the 

Mass Law Equation - ' [2 jlLS"' ^ 

These authors have shown that the 


K. 


j^Ca' ' j concentrations calculated thus agreed 

closely with those observed by the frog-heart method. Column 8 .shows j per kg. 

of serum water. By applying the consideration.s put forward and e.xperimentally con- 
firmed by Sendroy and Hastings (1026) the values for HPO j and ] per hg- of 

serum water have been calcnlatcd. In the last two columns are the values of ])K .s.p. 
CaHP 04 and pK s.p. Ca.-> (POt)o. The pH used for calculatinc these values has been taken 
to be pH 7-40 for rachitic as well as non-rachitic infants. The study (to be publi.shed) of 
experimental rickets has .shown that the pH of blood does not undergo change before the 
onset, during the development or on cure of rickets. 

In the Graph the negative logarithms of the .solubility products of j^Ca'^'f J X j^HPO^"" j 

and j^Ca'^'^j^ X PO^"^j" are plotted for all the cases included in the Tables. No attempt 

has been made at t le present moment to analy.se these figures .statistically but the frequency 
distribution of the solubility products of both these salts in racliitic and non-rachitic oases 
is extremely interesting. It will be convenient to consider and interjnet these products 
separately for each salt. 

Concentrations of calcium, inorganic phosphorus and proteins and (he solubility products 
of CaHPOi and Ca^ (P0.i)2 blood serum of normal and rachitic children. 

T.able a . 

Rachitic children — radiologicalhj j) 0 sitivc. 



Cases from Bai Jerbai Wadia Hospital for Children. 


32 

1-5 

F 

9-05 

3-72 
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4-00 
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1-07 

4-48 

5-93 
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4-18 

8-0 

3-00 
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9-05 

4-42 

7-44 
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1-01 

1-27 
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5-88 

23-53 

43 

5-0 

« F 

7-11 

3-35 

7-84 

3-00 

0-81 

0-97 

4-03 
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24-06 
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3-0 
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9-05 

3-84 
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1-08 

1-11 

4-62 
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23-57 
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F 
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1-08 

1-14 
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45 
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711 

4-67 

7-22 

3-00 

0-81 

1-35 

5-62 
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23-77 

46 

2-0 


S-39 

4-14 

8-29 

3-25 

0-88 

1-19 

4-98 

5-97 

23-77 

47 

3-0 

F 

7-12 

5-01 

7-39 

3-00 

0*81 

1-44 

6-03 

5-93 

23-71 

48 

2-0 

:m 

9-70 

4-34 

8-11 

3-75 

1-03 

1-25 

5-22 
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23-54 

95 

2-0 

yi 

10-15 

3-97 

6-69 

4-75 

1-28 

1-14 

4-78 

5-83 

23-31 
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Oases from Bai Jerbai Wadia Hospital for Children — concM. 
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10 

M 

8-08 

4-40 

8-09 

3-50 

0-91 

1-27 

5-30 

- 5-91 

23-62 

83 
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8-95 

4-51 

7-.38 

4-00 

1-08 

1-31 

5-48 

^ 5-85 

23-42 

Si 

2-0 

F 

10-51 

4-43 

7-38 

4-50 

1-21 

1-28 

5-33 

5-81 

23-28 

93 

1-0 

F 

11-14 

3-8S 

7-73 

4-75 

1-28 

1-12 

4-67 

5-82 

23-33 

96 

10 

M 

10-91 

4-76 

6-81 

5-00 

1-35 

1-37 

5-73 

5-73 

23-09 

97 

2-0 

M 

10-35 

4-13 

7-53 

4-50 

1-21 

1-19 

4-97 

5-84 

23-34 

SO 

1-0 

M 

8-19 

4-03 

6-30 

4-00 

1-08 

1-16 

4-85 

5-90 

23-53 

63 

2-0 

F 

7-11 

4-63 

6-67 

3-25 

0-87 

1-33 

5-57 
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8-41 

3-47 
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1-00 
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M 
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4-00 
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4-81 
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2-9 

F 

10-51 

4-42 

7-33 

4-50 

1-21 

1-27 

5-32 

5-81 

23-29 

99 

1-6 

F 

11-91 

4-13 

6-63 

5-25 

1-42 

1-19 

4-97 

5-77 

23-14 

78 

2-6 

F 

7-96 

4-10 

6-75 

3-50 

0-94 

1-18 

4-93 

6-95 

23-68 

81 

2-6 

F 

9-80 

4-63 

6-84 

4-50 

1-21 

1-33 

5-57 

5-79 

23-24 

89 

1-0 

M 

11-14 

4-06 

6-90 

5-00 

1-35 

1-71 

4-88 

5-80 

23-23 

98 

2-0 

M 

11-31 

4-51 

6-60 

5-00 

1-35 

1-31 

5-46 

5-75 

23-13 

100 

0-7 

P 

9-75 

4-27 

7-22 

4-25 

1-15 

1-23 

5-14 

6-85 

23-40 


Cases from Byramjee Jeejeebhoy Hospital for Children. 
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1-6 

F 

10-35 

4-37 

7-01 

4-50 

1-21 

1-26 

5-26 

5-81 

23-30 

2 

0-4J 

P 

9-03 

4-42 

6-86 

4-00 

1-08 

1-27 

5-32 

5-85 

23-46 

3 

0-2J 

M 

10-98 

4-16 

5-23 

5-80 

1-56 

1-20 

5-01 

5-72 

23-01 

4 

0-5 

M 

9-24 

5-43 

5-66 

4-50 

1-21 

1-56 

6-53 

5-71 

23-11 

5 

1-6 

M 

9-69 

3-80 

6-05 

4-75 

1-28 

1-09 

4-57 

5-85 

23-36 

6 

0-5 

M 

9-79 

4-21 

6-23 

4-50 

1-21 

1-21 

5-06 

5-82 

23-33 

7 

0-4 

M 

9-70 

4-88 

6-96 

4-25 

1-15 

1-41 

5-87 

5-79 

23-28 

8 

0-6 

F 

10-35 

3-84 

7-27 

4-50 

1-21 

1-11 

4-62 

5-86 

23-41 

9 

2-0 

51 

9-69 

2-66 

6-32 

4-50 

1-21 

0-76 

3-20 

6-02 

23-73 

10 

1-0 

F 

9-69 

3-57 

6-34 

4-50 

1-21 

1-03 

4-30 

5-89 

23-47 

11 

1-0 

F 

8-39 

4-13 

6-85 

3-75 

1-01 

1-19 

4-97 

5-91 

23-59 

12 

— 

— 

9-69 

4-63 

6-25 

4-50 

1-21 

1-33 

5-57 

5-78 

23-24 

13 

0-8 

51 

7-75 

5-00 

5-51 

3-75 

1-03 

1-44 

6-02 

6-83 

23-42 

14 

0-8 

51 

10-98 

5-00 

6-14 

5-25 

1-42 

1-44 

6-02 

5-69 

22-98 


Table B. 

Rachitic children — radiologically negative. 


Cases from Bai Jerbai Wadia Hospital for Children. 
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2-0 

F 

8-27 

4-46 

7-47 

3-50 

0-94 

1-28 

5-37 

6-91 

23-61 

61 

2-0 

JI 

9-05 

4-70 

8-87 

3-50 

0-94 

1-36 

5-65 

5-89 

23-66 

61 

1-4 

F 

12-90 

4-39 

7-26 

5-50 

1-48 

1-26 

5-28 

5-72 

23-03 

70 

1-6 

F 

11-30 

5-00 

8-13 

4-50 

1-21 

1-44 

6-02 

5-75 

23-18 

88 

1-0 

31 

10-99 

3 -08 

7-67 

4-75 

1-28 

0-90 

3-71 

5-94 

23-53 

26 

1-6 

31 

8-43 

2-71 

7-29 

3-50 

0-94 

0-78 

3-26 

6-13 

24-04 

21 

1-6 

31 

10-33 

4-73 

7-63 

4-23 

1-15 

1-36 

5-69 

5-80 

23-31 

30 

2-6 

F 

10-33 

4-73 

7-23 

4-50 

1-21 

1-36 

5-69 

5-77 

23-23 

31 

3-6 

31 

8-73 

4-68 

6-70 

4-00 

1-08 

1-35 

5-63 

5-83 

23-39 

27 

4-0 

F 

10-99 

4-83 

6-30 

5-00 

1-35 

1-39 

5-81 

5-72 

23-08 
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Cases from Bai Jerhtti Wadia Hospital for Children. 
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23-39 
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3-93 

7-20 
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1-28 

1-14 

4-73 

5-83 

23-;52 
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3-0 

F 

10-09 

4-91 

7-41 

4-00 

1-24 

1-42 

5-94 

. 5-74 

23-10 

72737 

0-S 

.11 

lO'SO 

O-IO 

7'-i5 

4-75 

1-28 

1-77 

7-41 

5-04 

22-93 

00092 

1-0 

11 

8-52 

3-02 

7-53 

3 -.50 

0-91 

1-45 

0-04 

5 -80 

23-50 

72943 

3-0 

11 

10-99 

4-38 

8-01 

4-50 

1-21 

1-20 

5-27 

5-81 

23-29 

72823 

— 

F 

10-07 

4-29 

7-50 

4-00 

1-24 

1-24 

5-10 

5-80 

23-28 

73024 

2-9 

F 

9-70 

4-24 

0-00 

4-25 

1-15 

1-22 

5-10 

5-85 

23-40 

73001 

1-0 

l^- 

9-38 

3-80 

7-IS 

4-12 

1-11 

1-09 

4 -57 

5-91 

23-.34 

73110 

4-0 

11 

11-04 

2-49 

0-89 

5-12 

1-38 

0-72 

2-99 

0-00 

23-02 

73002 

2-0 

11 

10-35 

4-93 

7-15 

4-50 

1-21 

J-42 

5-93 

5-70 

23-19 

72083 

2-0 

11 

10-35 

4-52 

0-59 

5-00 

1-35 

1-30 

5-44 

5-70 

23-14 

73199 

0-8 

F 

9-00 

4-47 

7-09 

3-75 

1-01 

1-29 

5-38 

5-88 

23-52 

73178 

2-0 

11 

8-40 

4-35 

7-17 

3-75 

1-01 

1-25 

5-23 

5-89 

23-54 

73408 

1-0 

11 

9-03 

4-98 

7-08 

3-75 

1-01 

1-43 

5-99 

5-83 

23-42 

73399 

1-4 

11 

9-70 

4-95 

7-09 

4-00 

1-08 

1-43 

5-99 

3-80 

23-34 

73727 

1-4 

11 

10-33 

4 -SO 

0-80 

4-75 

1-28 

1-40 

3 -83 

5-74 

23-13 

04507 

1-0 

ir 

10-99 

4-73 

5-42 

5*75 

1 ’.55 

1-08 

4-52 

. 3-70 

23-11 

73957 

2-6 

F 

10-33 

4-73 

7-25 

4-30 

1-21 

1-.30 

5-09 

5-77 

23-23 

15 

0-8 

11 

11-14 

0-23 

5-94 

5-50 

1-48 

1-80 

7-52 

5-57 

22-72 

16 

0-1 

F 

I0-3S 

0-38 

0-75 

4-75 

1-28 

1-90 

7-92 

5-01 

22-87 


Table D. 

Normal children. 


79 

3-0 

M 

11-94 

5-00 

0-21 

5-50 

1’4S 

1-44 

0-02 

5-67 

22 92 

82 

2-6 

M 

13-17 

5-00 

7-20 

5-75 

1-35 

1-44 

0-02 

5-05 

22-80 

85 

1-2 

F 

13-39 

4-47 

0-17 

0’25 

1-09 

1-29 

5-38 

5-00 

20-85 

91 

1-2 

M 

13-13 

4-07 

0-87 

0-00 

1-02 

1-35 

5-62 

5-66 

22-87 

•loll 



1-2-93 

6-48 

7-42 

5-75 

1-55 

1-87 

7-80 

5-53 

22-63 

2ch 



13-58 

0-20 

7-20 

(T-OO 

1-02 

1-SO 

7-53 

5'53 

-32-61 

Soli 



12-91 

0-64 

7-80 

5-75 

1-55 

1-91 

7-99 

5-52 

2-2-61 

4 . oil 



12-91 

6-30 

8-10 

5-50 

1-48 

1-82 

7-SS 

5-57 

22-72 

1 

. 5^0 

F 

10-85 

4-02 

0-92 

4-76 

1-28 

1-16 

4-84 

5-82 

23-3.0 

X- 

2 

2-0 

M 

11-55 

4-00 

7-10 

5-25 

1-42 

1-44 

6-02 

5-68 

23-00 

3 

. 3-0 

M 

11-96 

5-43 

7-87 

5-25 

1-42 

1-50 

0-53 

5-64 

22-90 


•The solubility product of X expressed as its negative 

logarithm has been reported to be 23-0. The 6raph_^ shows that in 76 out of 78 rachitic 
cases -the. values lie above 23-0 indicating slight undersaturation, This should not be an 
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uiiexpested fituliug as the idea tluat normally the blood serum is supersaturated with regard 
to Ca3 (POj)^ is an old one, although the previously accepted pK s.p. Cag (POJg was 26-0 
to 27-0 (Scndroy and Hastings, he. cit.). Logan and Taylor (1937) and Logan and Kane 
(1939) found that this value changed to 23-0 in inorganic solutions and blood plasma when 
the amouut of the solid equilibrated with the liquid phase was reduced to a minimum. It 
will be seen from tlie reference to the Graph that values for non-rachitic blood serum in 
all cases e.xcept one are below 23-0 indicating that after all the serum might be slightly 
supersaturated with respect to the salt. 

Similarl}*, with respect to the value of pK s.p. CaHP04 there appears to be a demar- 
cation at .5-7, 75 out of 78 values being above 5-7 and 10 out of 11 non-rachitic values lower 
than 5-7. Shear and liramer (1928) first suggested that the plasma was undersaturated 
with respect to CaHP04. The pK s.p. CaHP04, according to them, at pH 7-4 in 
equilibrated solutions was 5-47. Logan and his associates (he. cit.) by using the methods 
described above found that the values approached 5-6. 'Whether the demarcation observed 
at 5-7 in the figure represents the solubility product indicating saturation or not cannot- 
be defined as no attempt has been made in the present investigation to ascertain the pK 
s.p. CaHP04 experimentally. 

Logan (1940) points out that the suggestion of "Wendt and Clarke (1923) that the formation 
of CaHP04 was the first step in the formation of bone salt and the findings of Shear and 
Kramer (loc. cit.) mentioned above did not receive the attention they deserved. The reason 
for this was the fact that at no time the presence of CaHP04 in bone could be demonstrated 
either on the strength of chemical analyses or by X-ray examination of the crystal structure 
of the bone salt. But the formation of bone salt in stages as described by Logan (he. cit.), 
for fuller account of which the original article may be consulted, does not exclude such a 
possibility as that -visualized by Wendt and Clarke Qoc. cit.). 

The main object of this paper is to draw attention to the fact that a difference in the state 
of saturation of the plasma with respect to both the salts, viz. CaHP04 and Cag (P04)2, does 
exist. Freeman and McLean (1941) have reported their findings on rickets induced in dogs. 
They state that the serum of rachitic dogs was imdersaturated with respect to CaHP04 but 
not necessarily so mth Cag (P04)2. That the result of experiments in this laboratory showed 
undersaturation of serum in rachitic dogs -uith respect to both of these salts has been reported 
by Fatwardhan and Sukhatankar (1943). Fruther details of these experiments are being 
prepared for publication, wherein will also be discussed the significance of these findings and 
the possibility of using the method of attack as a diagnostic measure in early rickets. 

Summary. 

1. The blood serum of 79 cases of suspected or frank rickets in infants and children were 
analysed for calcium, inorganic phosphorus and total protein. Samples of blood serum from 
11 normal children were also similarly analysed. 

2. The concentration of Ca~"^, HPO^^ and PO^ at pH 7-4 and the solubility prod- 
ucts of j^Ca~~Jx j^HPO^~ j and j^Ga~~j^ X [PO^j” were calculated from the data. 

3. It was found that the pK s.p. values of CaHP04 in rachitic cases were over 5-7 in 77 
out of 79 cases, whereas in only one out of 11 non-rachitic children was the value above 5-7. 
With regard to the pK s.p. of Cag (P04)3 77 out of 79 cases had values above 23-0 showing 
undersaturation whereas in two cases out of the 11 non-rachitic children the blood was 
undersaturated with respect to this latter salt. 
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The pellagra-preventive vitamin was identified with nicotinic acid in 1937 by Elvehjem 
and his co-workers [Elvehjem, Madden, Strong and Wooley, 1937). Since then nicotinic acid 
is being widely used in the treatment of pellagra and certain other deficiency states and its 
importance as a dietar)- essential has been fully recognized. Hence the determination of the 
nicotinic acid content of common Indian foods is a subject of great importance. Such know- 
ledge is essential for assessing the nicotinic acid content of diets ordinarily consumed by human 
beings and also for suggesting diets rich in this vitamin. The investigations so far carried out 
in India cover only about 50 foods, including some cereals, pulses, fish and animal tissues 
(Aylcroyd and Swaminathan, 1940 ; Swaminathan, 1938, 1942 ; Giri and Haganna, 1941 ; 
Khorana. Sarma and Giri, 1942 ; Saha, 1941). No data are avaiiable for the nicotinic acid 
content of man)'’ vegetables, fruits and nuts. The present work was undertaken to fill this 
gap. The nicotinic acid content of about 160 common Indian foods is recorded in this 
paper. The values already published by the author for about 35 foods are also included 
(Swaminathan, loc. cit.). 

Method used. 

A chemical method based on Konig’s reaction, for the determination of nicotinic acid 
in foods has been described by the author (Swaminathan, 1938). Since then numerous modi- 
fications of this method have been published by different workers (Shaw and Macdonald, 1938 ; 
Sandier, 1939 ; Harris and Eaymond. 1939 ; Kodicek, 1940 ; Melnick and Field, 1940a, 19406 ; 
Dann and Handler, 1941 ; Giri and Naganna, loc. cit.). Further, biological and microbiological 
methods of assay have also been developed by Waisman, Mickelson, McKibbin and Elvehjem 
(1940) and by Snell and Wright (1941). Eecently, Elvehjem and his co-workers (Waisman 
et al., loc. cit.; Teply, Strong and Elvehjem, 1942) have made a comparative study of the chemi- 
cal, biological and the microbiological methods and found good agreement between the results 
obtained. The consensus of opinion is that if due precautions are taken, the chemical method 
yields reliable results and has further the advantage ofibeing simpler and less time consuming. 
The method previously published by the author (Swaminathan, 1942), with slight modification 
was used in the present study for the estimation of nicotinic acid in foods of vegetable origin. 
The modification consisted in the decolorization of the extract before hydrolysis, as such a 
procedure yielded almost colourless or only lightly coloured solutions with all types of food 
materials. The results obtained with this modification correspond well with those obtained 
before with the original method and the recovery of nicotinic acid added is good, ranging from 
90 to 100 per cent. For animal tissues, fish and yeast, the original method was used. 

Expehimental. 

The method consists of the following steps : — 

(1) Extraction of nicotinic acid from food materials. 

(2) Eemoval of colouring matter, protein and carbohydrate derivatives, using lead 

acetate at pH 9 and the excess of lead as lead sulphate. 

(3) Hydrolysis of nicotinamide to nicotinic acid using 2N hydrochloric acid. 

(4) Clarification of the extract with zinc hydroxide at pH 10. 

(6) Colorimetric estimation of nicotinic acid in neutral aqueous medium (at dH 7] 

CNBr and aniline. ' ® 
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Ej-imcdon. — Five fo 100 of the finely })owc]ere(l or minced food nmtcrial {containing 
from 0-2 nip. io ] mg. nicotinic acid) were snsponrled in 200 ml. of ■wafer and tlie mi.vfure licafcd 
in a water-bath for 10 mimitc.s. One ml. of concentrated hydrochloric acid wa.s then added 
and tlic heating continued for another 10 minute.^ with con.stant .stirring. The mi.xture was 
then allowed to cool and tlie volume made uj) to 400 ml. and centrifuged. 

Jionoi'cil of colourhiff mailer . — Two hundred ml. of the clear c.xtrac.t were taken in a 1500 ml. 
beaker, and 20 ml. of -10 per cent lead acetate .solution were then added. The mi.xture was 
adjusted fo pH 0-1 by the addition of 10 j)er cent .sodium hydroxide (thymol blue a.s externn] 
indicator), and the volume made up fo 2o0 ml, and centrifuged. One ml. of concentrated 
suljihuric acid was then added to the clear centrifugate to {)recipitatc the e.xce.s.s of lead and the 
precipitate was removed on the centrifuge. 

llydrohjsis of vicolinamiilr . — One hundred and fifty ml. of the .solution from above 
(corresponding to 3/10 of the original material) were placed in a one-litic beaker. Ten nd, of 
concentrated hydrochloric acid were then adflcd and the mi.xture heated in a boiling water- 
bath for one hour. Thi.s re.sidtcd in the concentration of the solution to about 80 ml. 

Jiemovol of colouring mailer u-ilJi zinc Jn/droride. — f'he .solution after hydrolysis was cooled 
and 5 ml. of 20 per cent xinc suljjhate were atlded. The mixture was brought to pH 10 
(phenolphthalein as internal indicator) by the addition of 50 per cent sodium hydroxide. 
Exce.ss of alkali .should be avoided. I'he volume was then made up to 100 ml. and filtered. 
The filtrate was adjusted to pi f 7 (brom'othymol blue as external indicator) by the careful 
addition of a few drops of 5X and N hydrochloric acid. The solutions were almost 
colourless in most of the cases. With a few foods, out of IGO so far examined, the final 
solution was coloured yellow, which was allowed for by a ‘ blank ’ determination. One 
hundred ml. of the final .solution correspond to three-tenths of the original material taken. 

Colorimetric estimation of nicotinic neff/.— Aliquots of the extract (u.sually 10 ml, = 3/100 
of the weight of the material taken) were measured into a series of 25 ml. measuring flasks. 
Standard nicotinic acid (20 micrograms) was taken in another flask and the volume of the 
standard diluted to 10 ml. with distilled water. One ml. of 20 per cent sodium acetate'solution 
(adjusted to pH 7) was then added to each flask. Two ml, of 2 per cent aqueous aniline 
solution were then added to all the flasks, followed by G ml. of cyanogen bromide solution. 
The contents of the flask were mi.xed and allowed to stand for one minute. The volume was 
then made up to 25 ml. by the addition of aqueous aniline, the contents of the flasks mixed 
well and allowed to stand for one minute. The colours were compared (within 10 minutes) 
in a Klett colorimeter. 

A ‘ blank ’ estimation was carried out in the above manner for all the coloured 
extracts, with the difference that distilled water was added instead of cyanogen bromide 
and aniline. The values so obtained for the ' blank ’ were allowed for in the usual manner. 

By following this procedure, a single worker can determine the nicotinic acid content 
of about eight foods in about 5 to 6 hours. The results are given in the Table : — 

Table. 

/ 

Nicotinic (tcid content of foods. 


Common English name. 


Nicotinic acid 

Botanical name. (milligrams per 

100 g.). 


CEIIEAI.S AND CEREAL. PRODUCTS. — 
Barley, •whole 
Barley, pearl 
Italian millet 
Maize, yellow, dry 
Maize, white, dry 


Hordeum vulgar e. 

Setaria italica 
Zea mays 


4-6 

2-8 

0 - 7 

1 - 4 
1-3 
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Table — conkl. 


Common Knglisli nnmo. 

Botanical name. 

Nicotinic acid 
(milligrams per 

100 g.). 

Ckiieals and oerEad products. — ronld. 



Mnize, white, tender 

Zca mays 

0-6 

Jlillct (pearl millet) 

Pennisetnm typhoiihum 

.S-2 

Millet (kaffir corn) 

SorgJiam vulyarc 

1-8 

Millet (coracan) . . 

Ehxtsine coracann 

1*4 

Oatmeal 

A vend saitva 

1-1 

Kice, raw, husked (prepared in a wooden 

Oryza saliva 

4-0 

huller). 

Rice, raw, li«nnd-poundcd 


2-4 

Rice, raw, milled 


1-2 

Rice, parboiled, husked 


4-6 

Rice, parboiled, hand-pounded 


4-0 

Rice, parboiled, milled 


3-8 

Rice, flakes 


4-0 

Rice, puffed (prepared from paddy) 


4-1 

Rice, puffed (prepared from rice) 


I-i 

Rice, polishings, raw 


28-4 

Wheat, whole 

Triliciim vaignre 

5-0 

AVhite flour (refined wheat flour) 

1-0 

Wholemeal bread 


1-8 

M^hite bread 


0-6 

'Wheat germ 


7-0 

Pulses, dry. — 



Bengal gram . . - 

Cieer arieiimtm 

2-6 

Black gram . . ' . . 

PJtaseoltis mungo 

2-0 

Cow gram 

Vigna catiang 

1-3 

Field bean 

Dolichos lablab 

1-8 

Green gram 

Phaseohis radiatas 

1-7 

Horse gram 

Dolichos biflonis 

1-5 

Lentil (massur dahl) 

Lens escnlenta 

1-5 

Peas . . 

Pisum sativum 

1-3 

Red gram 

Cajanns indicus 

2-4 

Soya bean 

Glycine hispida 

2-4 

Ruts and oilseeds. — 

Almond 

Pranas amygdalis 

2-5 

Cashew nut 

Anacardimn occidenlale 

2-1 

Coco-nut, fresh . . 

Cocos mieijera 

0-8 

Gingelly seeds 

Sesaminn indictnn 

4-4 

Ground-nut (pea-nut) 

Arachis hypogea 

14-1 

Mustard 

Brassica juncea 

4-0 

Pistachio 

Pistacia vera 

1-4 

-IValnut 

Jvglans regia 

1-6 

V^EGETABLES, GREEN LEAFY. — 

Amaranth 

Amaranthus gangelictts 

0-9 

Bottle-gourd leaves 

Lagenaria vulgaris 

0-6 

Brussels sprouts . . 

Brassica oleracea bullata gemmifera 

0-4 

Cabbage 

Brassica oleracea capitala 

0-4 

Carrot leaves 

Daveus carota 

0'4 

Coriander 

Coriandrum sativum 

0-8 

Curry leaves 

Murray a hoenigii 

2-3 

Drumstick leaves 

Moringa oleifera 

0-8 

Fenugreek leaves 

Trigonella foenvm gracevm 

0-8 

Indian spinach . . 

Basella cordifolia 

0-5 

Ipomea 

Jpomoea replans 

0-G 

Lettuce 

Lactuea saliva 

0*4 

Mint . . 

Mentha viridts 

0:4 

1'4 

Neem, tender 

Azediraclita indica 

Parsley . T 

Petroselinvm salivum 


Pea leaves 

Pisum sativum 

O’G 

Pumpkin leaves . . 

Ciicurbita maxima 

0-9 

Radish leave.s 

Raphanus salivas 

0*9 

Spinach 

Spinacia oleracea 

0-5 
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Conniion English nanu*. 


JJotfiiiio.'il na;ii(‘. 


Xirotinio acid 
(inilligraniH per 
long.). 


Roots .\>'n tudkhs. — 


JJoet root 



vulyarif 

Carrot 



Dditnif car Pin 

Colocn.sin 



Colorasin aiitiqiioni tn 

Onion, hig 



Allium cepa 

Onion, small 



f* 

Par.'-nip 



Pastinara falirn 

Potato 



Soliinitm tnhrroiinii 

Itadis-h, white 



Itnphnnus satirtii< 

Radish, pink 




Sweet potato, pink 



Ipnmofti halalat! 

Sweet j)otato, white 




Tapioca, dr}’ 



J f fin ihnt n til is ^ 1 in n 

OTtir.n VKOKTAunns. — 

Ash gourd 



Peninrasn errijrra 

Bitter gourd 



Jfomordica rhnrautin 

Brinial 



Polanum mrlonijcna 

Broad beans 



Dolichoa lahlttb var. /ipaosa.s 

Caidiflowcr 



JSrtif'iica ohrarm holri/t'^ 

Cow pea, green and tender ( 
Cucumber 

\ith pod'] 

, 

Vifftid catiauy 


Cucumis fiitivux 

Drumstick 



Moringa olci/era 

French beans 



P/iiiXfolus viilgnrix 

Indian gooseberry 



Plii/llaiitlius niihhrn 

Jack, tender 



,4 rtocarpux xnkgrijolin 

Knol-khol 



Jiraxrirn olrracra ruuhnnpo 

Lady’s finger 



Hihixcuf Cfculfutux 

Mango, green 



Maiigtjrra iiulira 

Olive, green 

Papaya, raw 



Olra curopa 



Caiiea jmpayn 

Potnla gourd 



Trichexanthex dioirn 

Peas, green 



Pixum enlivitm 

Plantain flower . . 



Musa parndisiacn 

Plantain, green . . 



ft 

Plantain stem 



ft 

Client bita maxima 

Pumpkin yellow, ripe 



Snake gourd 



Trichosanihex augttirta 

Sword beans 



Caiiavalia ciisijormis 

Tomato green 



Ijtjcopcrsicu m esculent it m 

Turnip, white 



Brassien rapa 

Water chestnut . . 

• 


Trapa bispinosa 

FntriTS. — 

Apple 



Pyrux vtalas 

Banana 



Musa sapicnlum 

Dates, preserved 



Phoenix dactylijera 

Grapes 



VHix vinijera 

Grape fruit 



Citrus grandis var. maxima 

Guava 



Psidium guyava 

Guava, hill 



Psidium caielianum 

Hog plum 

, » 


Spendias mangifera 

Jack fruit 



Artocarpus iutegrijolia 

Lemon juice 



Citrus mcdica var. limonuni 

Lime juice 



Citrus mcdica var, acid 

Mango, ripe 



Mangifera indica 

Orange juice 



Citrus auraniiiim 

Papaya 



Carica jtapaya 

Peaches, white .. 



Amygdalis persica 

Pears, country . . 



Pyrus communis 

Pears, English .. 



Pyrva acliras 

Plantain, ripe 



Musa paradisiaea 

Plums 



Primus domeslica 


()■■{ 

0 '.} 

n-i 

(IM 

OTi 

0--1 

1 

()•.'» 

<»••( 

0-8 

0-7 

J-:.’ 


()■■} 

0-3 

0-8 

0-8 

()-S) 

0--4 

0-2 

0"’ 

0-;! 

0-2 

0-2 

OT) 

0-0 

0-2 

0-3 

0-4 

0-(i 

0\S 

Odi 

0-3 

0-2 

0-5 

0-3 

0-5 

0-4 

0-5 

0-0 


0-2 

0-3 

0-8 

0-3 

0-3 

0-2 

0-3 

0-3 

0-4 

0-1 

0-1 

0-4 

0-3 

0-2 

0 - 2 . 

0-2 

0-2 

0-3 

0-3 


Table — concld. 


Common Englisli name. 


Botanical name. 


JCicotinic acid 


(milligrams per 
100 g.).. 


Feotts. — coidet' 

, Pomelo 

Raisins, preserved 
Strawberry 
Tomato, ripe 
Tamarind, raw fresh 
Tamarind, preserved 
Water melon 


Citrus deeumana 

0-2 

Vitis vinifera 

O'o 

Fragaria grandifiora 

0-2 

Lgcopersicum esculentum 

0-4 

Tamarindus indicus 

O'l 

»t 

Citrullns vulgaris 

0'7 

0-2 


Milk akd eggs. — 

Milk, cow’s 
Milk, buffalo 
Milk, evaporated 
Milk, sweetened condensed . . 
Whole milk powder 
Skimmed milk powder 
Eggs, whole, hen’s 
Eggs, whole, duck’s 


0- i 

OT 

0-2 

0-2 

1 - 0 
IT 
OT 
OT 


Flesh eood. — 

Beef (muscle) 

Fish, specimen 1 - . . 

Fish, specimen. 2 

Fish, specimen 3 {Catla calla) 

Fish, specimen 4 {Labeo rohita) 

Fish, specimen 5 [Xoloplerus chilala) 
Liver, sheep 
Liver, rabbit 
Mutton, muscle . . 

Muscle, rabbit . . 

Pork, muscle 


5- 9 
3T 
3-9 

' 1-3 
2-7 
1-0 
15-3 
13-8 

6 - 8 
7-7 
2-8 


CoI^D^IE^•TS. — 

Chillies, green 
Coriander seeds . . 

Cumin 

Fenugreek seeds 
Garlic 
Ginger 
Mustard 
Pepper, dry 

Tamarind, pulp, preserved 
Turmeric, dry 


. . Capsicum annuum 
. . Coriandrum sativum 
. . Cuminum cymimim 
. . Trigonella fotnum graceum 
. . Allium sativum 
. . Zingiber officinale 
Brassica juncea 
. . Piper nigrum 
. . Tamarindus indicus 
. . Circuma longa 


Miscellaneous. — 

Betel leaf . . . . . . 

Sago . . . . . . . . 

Jaggery (palmyra) .. .. 

Jaggery (sugar cane) . . . . 

Yeast, dried, baker’s . . . . 

Yeast, dried, brewer’s 1 . . . . 

Yeast, dried, brewer’s 2 . . . . 

Yeast, dried, brewer’s 3 . . . . 

Yeast, dried, brewer’s 4 . . . . 

Yeast, dried (grown on molasses salts Tortila utilis 

medium) sample 1. 

Yeast, dried (grown on molasses salts „ 

medium) sample 2. 

Yeast, dried (grown on molasses salts „ 

medinm) sample 3. 

Yeast, dried, distillery sample 1 . . _ 

Yeast, dried, distillery sample 2 .. 

‘ Marmite ’, an yeast extract . . ' 


O'o 
IT 
2-6 
IT 
0-4 
0-6 
4-0 
- 1-4 

0-7 
2-3 


0- 7 
0-2 

1 - 8 
1-0 

45- 0 
62-5 
57-1 

46- 4 
43T 
26T 

20-0 

33'7 

9-0 

6-5 

66-5 


( ^3 ) 


Results. 

Cereals and^ eerral prodaels. — ^i\nion" t,)ie cereals ^r}lolc ^vlie/if,. uniniJlcd rice and whole 
oQi'lc} ilie rirlicst sources coiitaiiung al)ou(. 4 to 5 in;^. of nicoliuic Jicid per ]()()", 
Parboiled milled rice and ])earl millef. come next in order of merif, with values of . 3-8 mjr. 
and 3-2 mg. respectively. TJie millet.s, Icaflir corn and coracan, oat meal, maize, liigddy 
milled raw rice and white flour arc poor .sources, containing from i mg. to 2 mg. Italian 
millet was found to lie the poorest (Ow mg. per ]()D mg.) among the cereals tested. Pice 
polishings obtained by milling raw j)addy is one of the richest known .soiirce.s, and wheat 
germ is a trood source. ' • 


pie daily allowances of nicofinic acifl for an adult male recommended bvthe Committee 
on hood and Xutrition of fhe Ivational Kescarch Council, U.S..\. range from J8 ni". to 
23 mg. 

Sixteen ounces of whole wheat, unpoli.shed rice or whole barley will sujifilv about 20 mg. 
to 25 mg. ^almost the daily requirements of the ailiilt — whereas a similar quantity of maize, 
oats, raw milled rice or white flour will jirovidc only about one-third the amount, i.e. G mg. 
to 7 mg. 

Pulses. Pulses arc fair sources, the values obtained for dif}‘ercnt pulses, ranging from 
1'3 mg. to 2'G mg. per 100 g. A daily intake of four ounces of pulses will contribute only 1’5 
mg. to 3’0 mg. of nicotinic acid to the diet. 

/Yu/5 a?/d oilseeds . — Of the eight nuts and oilseeds tested, ground-nut (pea-nut) was found 
to be the richest, containing about M mg. per 100 g. Gingelly and mustard seeds rank next 
in order of merit, with values of -P-f mg. and 4*0 mg. Other nuts gave lower values. Three 
ounces of ground-nuts will j)rovide a little more than half the daily adult requirements. 

Vegetables . — Vegetables were found to be poor sources of nicotinic acid. In general leafy 
vegetables, roots and tubers were found to be riclier than other vegetables. A daily intake of 
eight ounces of vegetables (four ounces leafy and four ounces non-leafy) will provide about 
1 mg. to 2 mg. of nicotinic acid. 


Fruits . — Fruits arc poor sources, containing from OA mg. to 0-5 mg. per 100 g. A daily 
intake of four ounces of fruits will suj)]dy onl}’- 0-2 mg. to 0-5 ing. of nicotinic acid. 

Condiments . — Condiments are in general fair sources. Since they are included in human 
diets only in small quantities, the contribution of nicotinic acid by this group of foods is negli- 
gible. 

Milk and eggs . — Contrary to the general belief, milk and eggs are very poor sources^ of 
nicotinic acid. Similar values have been reported by Elvelijem and his co-workers using 
different methods of assay (Waisman el ah, loc. cit. ; Teply et al., he. cii.). A daily intake of 
1 pint of milk or 2 eggs will provide only 0’6 mg. and OA mg. (i.e. ne^igible quantities) of 
nicotinic acid respectively. 

Liver . — Mammalian liver is one of the richest known sources containing from 12 mg. to 18 
mg. per 100 g. Four ounces of liver will supply almost the daily adult requirements of this 
vitamin. 

Fleshy foods.— Among the flesh foods, meats are good sources ; but their nicotinic acid 
content varies, depending on the source. Thus, mutton and beef contain about twice as 
much as pork. Fish is only a fair source, the values obtained for different fishes varying 
from 1 mg. to 4 mg. Eight ounces of mutton will supply almost the daily requirements 

for an adult. 

Dried yeast.— Dried yeast, though not a common article of food, is a valuable supplement, 
to the human dietary, as a source of the vitamin B complex. Hence it was felt to be o 
interest to assay yeast prepared by different methods for their nicotinic acid content. I he 
results show that dried brewer’s yeast is a better source of nicotinic acid than food yeast 
(Torula nlilis), grown on molasses salts mediimi. The values obtained ranged from 43 mg. 
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to 62 mg. and 20 mg. to 34 mg. per 100 g. of dried brewer’s yeast and food yeast 
respectively. Distillery yeast, a by-product in the manufacture of alcohol by the 
fermentation process, is a poor source containing 7 mg. to 9 mg. per 100 g. 

The ihera 2 KUiic doses of yeast and mcotivic acid in the treatment of jtellagra . — Goldberger 
and Lillie (1926) used^a daily dose of 30 g. of dried yeast in the treatment and prevention of 
pellagra ; but more recently Spies et ah (1937) found it necessary to use larger quantities 
of dried brewer’s yeast (180 g. to 270 g.) in addition to a well-balanced diet of 4,500 
calories containing large amounts of milk, eggs and meat, in the treatment of severe 
endemic pellagra. Such a diet, supplemented by yeast, would supply about 200 mg. of 
nicotinic acid. 

Recent investigations of Spies and his co-workers (1939) have shown that 500 mg. to 
1,000 mg. of nicotinic acid are requii'ed daily by the oral route for the effective treatment of 
severe endemic pellagra, while as little as 50 mg. daily may be effective when administered 
parenterally. Smaller doses may be effective in some mild cases. 

The introduction of nicotinic acid has been a real advance in the treatment of pellagra. 
Spectacular improvement is now seen -within 24 hours and cases are usually free of signs and 
symptoms -within a week. With the old dietetic treatment alone, progress was alwa 5 's slow 
and it was often many weeks before recover)’^ was complete. Further, a proportion of cases 
did not respond to the improved diet and died. It is probable that the richest diets used 
up to 1937 could supply no more than one quarter (200 mg.) of the amount of nicotinic acid 
now found necessary for the maximum rate of recovery. 

SUMJIAEY. 

1. The nicotinic acid content of about 160 foodstuffshas been determined by an improved 

chemical method using the cyanogen bromide and aniline reagent. ' 

2. Of the foods tested, dried brewer’s yeast, liver, rice polishings (from raw paddy) 
and pea-nuts are rich sources. 

• 3. Meats of various kinds are good sources and fish a fair source of nicotinic acid. 

4. Among the cereals, whole wheat, unmilled rice, whole barley, parboiled rice and 
pearl millet are good sources, containing 2 to 3 times as much nicotinic acid as white 
flour, - maize, oatmeal, certain millets and raw milled rice. Maize, which is known to be 
associated with pellagra, gave a low value ; but similar low values -were also obtained for 
white Horn:, oats, milled raw rice and certain millets. Italian millet contained only half as 
much nicotinic acid as that found in whole maize. 

5. Cow’s milk, eggs, fresh vegetables and fruits are in general poor sources of nicotinic 
acid. 
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Casual observations over a numljer of years in India would seem to indicate a very bigb 
incidence of periodontal diseases. The whole range of paradental disease is represented, from 
the very prevalent gingivitis in children to the almost universal chronic suppurative periodon- 
titis of adult life. Recent more specific surveys have established the great prevalence of the 
hypertrophic tj-pe of gingivitis in young children and adolescents and of a condition of chronic 
alveolar bone-absorption in adolescents and 3mung adults with or without the presence of suppu- 
ration and pocket-formation. Amongst the middle-aged and in later life an Indian mouth 
showing a complete absence of active pus-formation is rarely found. 

Though many theories have been advanced from time to time the setiology of periodontal 
conditions has never been satisfactorily explained. MTiether these conditions are due to specific 
dietary deficiencies, faulty body-metabolism, lack of proper oral hygiene, traumatic occlusion 
or other factors has never been adequately established. In many cases it would seem that 
some of these periodontal conditions occur as manifestations of various systemic diseases. It 
is highly probable as in the case of dental caries that there is not a single specific setiologic'al 
factor but rather several factors operating together to produce this breakdown in the oral 
tissues. 

A recent survey in a local hospital showed that 90 of the 100 patients examined in the 
medical and surgical wards had periodontal disorders with active pus-formation. A very 
high percentage of the 38,000 patients attending annually in the Punjab Dental Hospital, 
Lahore, is similarly affected. MTiatever the cause, it is possible that much of the ill health 
in the province has its origin in neglected oral infection and that many hospital beds are kept's,^ 
occupied perhaps for long periods because oral infection is often entirely disregarded as a 
possible cause or at least a contributory cause of many systemic conditions. It seems obvious 
that the presence of a large area of suppurating tissue at the opening of the alimentary tract 
in a high percentage of the population must constitute a very serious threat to the health of 
the community. 

As a preliminary to a wider investigation of periodontal disease in India it seemed desirable 
in the first instance to obtain some reliable data relating to the incidence of the disease. In 
the present paper some observations of the prevalence of the disease in the Punjab are 
recorded. 

Method of investigation. 

A complete examination of gingival and periodontal tissues was made with mirror and 
probe. In the diagnosis of gingivitis and pyorrhoea, hypertrophy of the gums, the depth of 
the giugival pockets, suppuration and discharge of pus from the pockets and the mobility of 
the teeth were noted. In the early stages of gingivitis there is slight thickening of the gums 
while in the later stages there is marked hypertrophy with marginal ulceration and pocket- 
formation. Pyorrhoea is a chronic inflammatoiy process which is commonly associated with 
absorption of alveolar processes, pocket-formation and loosening of the teeth. Suppuration 
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Cnses of p.vorrfjffin ^verc fiirfhcr clnssificfl into f^vo .^rotinc; ^viH. fl.n f ii • 
characteristics:— following 

(c) General liomontal absorption of the alveolar processes with pocket-formation and 
discharge of ]nis. 1 his corresjionds io the ‘ dirt jivorrlima ’ of F|.h (mi) 

(b) Localised absorption of the alveolar processes in the neighbonrhoml’of a few individual 

s !,’• 

Ka,liolo?ical examination is of srcal. vainc in (),c aln,l.v of parMonfai ,Iisoasc. Imf, oavma 
to tlic slioitagc of A-ray films it r.oiilil not ceiicrally lie ciii|)lo.vcrl in (ho ptesoiif iiivcstmation” 
A complete radiographic examination was. however, made of do cases. 


Giunms sTuniKn. 


A. 99b liosjntal patients. Iheso were in-patients in the Abivo TTosiiital 
and out-patients attending the Conservation Department of the Puniab Dental ' 
Lahore. 


Laliore, 

Hospital, 


B. 1,07‘1 healthy male adults (Punjabi police constables) of active liabits. 

C. G13 school children attending two schools in Lahore. 


Rksult.s. 

Tables T and II show that the observed incidence of gingivitis and pyorrlicea was verv 
high. The percentage of clinically normal persons was 2-8, 20-5 and 12-1 in the hospital 
patients, the school chiklrcii and tlie police constables respectively; Agnew and Amiew 
(1941) reported a similar liigli incidence of periodontal disease and' hypertrophic gingfvitis 
in China, though they did not carry out .systematic surveys. 

Table I. 

The inoidence oj (jingivilis ami pyorrhoea in patients in the Punjab 
Dental Hospital and the Mayo Hospital, Lahore. 


.^ge-gronp. 

Number 

examined. 

Clinicallj’ 
normal, 
per cent. 

Gingivitis, 
per cent. 

Pyorrhoea, 
per cent. 

5 to 10 

16 

12-5 

Sl-2 

6-2 

II to 20 

■>20 

5-4 

50-8 

37-2 

21 to 30 

383 

2-8 


67-1 

31 to 40 



12-3 

86-6 

41 to 50 

122 


4T 

95-8 

51 to 60 

45 

, , 

2*2 

97-8 

60 and above 

18 

• ■ 

• 


Totals 

996 

2*8 

28-5 

68-6 


Percentage of ‘ dirt ’ pyorrheua = 81 '2. 
Percentage of ‘ idiopathic ’ pyorrhoea = 18'8. 
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Table II. 

A. 


Incidence of ' periodontal disease in 613 school children. 


Age-group. 

Number 

examined. 

Normal, 
per cent. 

Gingivitis, 
per cent. 

Pyorrhoea, 
per cent. 

5 to 10 

106 

19-S 

74-4 

5-3 

11 to 15 

417 

20-8 

73-2 

5*7 

Totals 

613 

20-5 

73-7 

5-7 


B. 

Incidence of periodontal disease in 1,074 police constables 
in the Punjab. 


Age-group. 

Number 

examined. 

Normal, 
per cent. 

Gingivitis, 
per cent. 

Pyorrhoea, 
per cent. 

IS to 20 

225 

21-3 

42-2 

36-4 

21 to 30 

525 

10-2 

27-2 

62-4 

31 to 40 

215 

9-7 

9-7 

80-4 

41 to 50 

101 

C-9 

P9 

91-0 

51 to GO 

8 

•• 

•• 

100-0 

Totals 

1,074 

12T 

24-3 

63-G 


Percentage of ‘ dirt ’ pyorrhoea = 82'5. 

Percentage of ‘ idiopathic ’ pyorrhoea = 17‘5. 

The incidence of gingivitis decreased with age while that of pyorrhoea increased. In the 
older age-groups the percentage suffering from pyorrhoea was over 90. The frequency 
with which pyorrhoea was observed in children is remarkable and contrary to experience 
in Western coimtries. The age incidence of the^two conditions definitely suggests that hyper- 
trophic gingivitis among children progresses into pyorrhoea later in life. 

So-called ‘ dirt ’ pyorrhoea as defined above was much more common than ‘ idiopathic ’ 
pyorrhoea. The relative incidence of both kinds of pyorrhoea was fairly constant throughout 
the different age-groups. 

Sex incidence of periodontal disease . — ^Table III shows the incidence in male and female 
hospital patients. Except in the age-group 21-30 years there was no statistically significant 
difference in the percentage inddence of gingivitis and pyorrhoea in the two sexes. The signi- 
ficant diSerence, to the advantage of women, in the age-group in question may be due to the 
fact that women pay more attention to the care of their teeth and gums during this period of 
life, and is an observation of some interest. 

( ) 


J, SIR 


4 



Taulk in. 


Sc.v incuhwc of ami pj/orrliora {l/nspilnl patients). 



Age-gro\ii). 


Xu 

mlier 

('linienlly 

normal. 

Gingiviti-i, 

I’yorrliie.n, 

Whr-tlif-r "iirniti- 




(‘xnininiMi, 

per eenl. 

pei (cnt. 

p'T cent. 

e.'inf or not. 

5- 

-10 

) 

1 

M 

it) 

6 

100 

It: -6 

.SO-0 
.S3 -3 

lO'O 

3-0 

- Not signififnnt. 

11- 

-20 

i 

M 

110 

2S 

•77 'S 

30-2 



t 


so 

11-2 

oo'lJ 

33-7 

ti •* 

21- 

-30 

1 

.M 

201 

02 

i*(i 

21-7 

16-7 

71-7 

,72'7 

Si'.'nil/r.'irit. 

31- 

-10 

! 

.If 

r4s 

.71 

0- o 

1- s 

If -.7 

1 Is 

•ST'S 
.S3 -3 

Not -iu-nineant. 

41 

-.70 

( 

.M 

lot 

. . 

3-s 

06- 1 



1 

F 

IS 

. , 

. > *.7 

01-3 


.71- 

-00 

{ 

.M 

;ts 

7 


l’|-2 

100-0 

S.7-S 

.... 

01 

and above 

I 

M 

f.' 

s 


:: 

10(1-0 




'j 

-M 

730 

21 

21-7 

73 '1 




1 

r 

2.77 

IC 

3!i:! 

.71:- 1 



Incidence in wfjetayians and non-vegetarians . — There is a "cneral impression in India that 
meat-eating leads to jiyorrlima. Examinalion of llie ineidenoe of periodontal disease in vege- 
tarians and non-vegetarians does not .‘fupport tliis view (Table IV). The diflerenccs in all 
age-groups were not significant. Further, the incidence of pyorrlioea isliiglier in Indians than 
in Europeans and Americans whose intake of moat is much larger. 

The significance of the difl'erences in the various grou])s was determined by calculating 
with the help of a fourfold table. P = 0'0~k being taken ns tlic conventional level of significance 
(Hill, 1937). 

T.ATihK IV. 

Incidence of periodontal disease in vegetarians and non-vegetarians. 


Age-group. 


Number 

examinee]. 


Normul. 


Gingivitis. Pyorrlicen. 


Whether signifi- 
cant or not. 


5-10 .. I 

11-20 .. I 

21-30 . . I 

31-40 .. I 

41-50 . . I 

51-00 . . I 

01 and above .. j 


Vegetarians 4 

Non- vegetarians 10 

Vegetarians 52 

Non-vegetnriiins 130 

Vegetarian.s 57 

Non-vegetarians 274 

Vegetarians 20 

Non-vegetarians 107 

Vegetarians 12 

Non-vegetarians 100 

Vegetarians 14 

Non- vegetarians 30 

Vegetarians 

Non-vegetarians 7 


1 

2 

5 

0 

"s 

"l 


3 

7 1 

1-7 on 


27 

70 

20 i 

48 ! 

[ Not 

significant. 

21 

36 1 

1 


GS 

197 J 

1 yy 

99 

3 

17 1 

1 


19 

147 1 

i ” 

9 9 


12 1 



*5 

101 J 

‘ 

99 

1 

13 1 



. 

30 J 

^ j> ‘ 

9 9 


"l 


Per cent. Per cenl. Per cent. 
3-7 34-6 61 '6 

2’4 25-5 73-6 


All ages 


{ Vegetarians 169 

Non-vegetarians 724 




Ha^iogyapJiic exami)}af{oii. — Thirty-six Indians and 29 Europeans and Anglo-Indians 
were examined. In the Indian group the incidence of pyorrhoea as estimated by radiography 
was 100 per cent (55-6 per cent, ‘ dirt ’ pyorrhoea ; 44-4 per cent, ‘ idiopathic ’ pyorrhoea). Of 
the 29 patients in the other group, 3 were normal, while 18 (62-0 per cent) and 8 (27-6 per cent) 
showed ‘ dirt ’ pyorrhoea and ‘ idiopathic ’ pyorrhoea respectively. Eadiographic examination 
revealed a higher incidence than was evident on clinical examination. 

Discussiox. 

The object of this preliminar}' investigation was to study the incidence of periodontal 
disease and little light has as 5 ’^et been thrown on the problem of setiology. In a previous 
paper (Day anct Shourie, 1943) the authors reported that the daily administration of 50 mg. 
of vitamin C for 100 days had no effect on gingivitis in children. The present investigation 
has, however, produced some useful data about the incidence of gingivitis and pyorrhoea. 
It is clear that the retiology of these very common conditions merits further detailed and 
careful investigation. 

Summary. 

1 . The incidence of gingivitis and pyorrhoea in hospital patients, police constables and 
school children in Lahore has been investigated. Both conditions were found to be very 
common. The frequency of gingivitis decreased with age and that of pyorrhoea increased, 
so that the latter appears to be a later stage of the former. 

2. Except in the age-group 21-30, the incidence was similar in both sexes. In the age- 
group in question, females showed less periodontal disease. 

3. The incidence of periodontal disease was similar in vegetarians and non-vegetarians. 


Aonew and Aqnew (19-11) 
Day and Shotjrie (19-13) .. 
Fish (1935) 

Hill (1937) 
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Introduction. 

Most of the species of Berberis (N. 0. Berberidaceae) contain Berberine and some of them 
contain, in addition, other alkaloids (Chopra, 1933). Chatterjee (1940, 1941) found no Ber- 
berine in the ttvo Himalayan species — Berberis umbellata Wall, and Berberis insignis Hook. f. 
He could detect only one alkaloid in these two species. On analysis this proved to be a new 
alkaloid which has been named Umbellatine by Chatterjee. The chemical properties and 
structure are being investigated by him. The formula of Umbellatine as suggested by him is 
CjiHogOgN and the accepted formula of Berberine is C 20 H 19 O 5 N. Chatterjee (private 
communication) has adduced evidence to prove the presence of four OH groups and one 
N.Me group in addition to two O.Me groups which are present in Berberine. In place of the 
N.Me group of Umbellatine, Berberine contains the NH group. 

The general pharmacology of Berberine has been investigated by Chopra, Dikshit and 
Chowhan (1932). Seery and Bieter (1940) have demonstrated the protective action of the 
alkaloid against Trypanosoma equiperdum infection and also the anaesthetic action of the 
drug. Das Gupta and Dikshit (1929) demonstrated the inhibitory action of the drug on 
cultures of Leishmania tropica, thus proving the rationale of the use of the drug first 
suggested and worked out by Verma (1927). Berberis, known in the indigenous system of 
medicine as ‘ Daruharidra ’. has been used for a long time as a febrifuge, a carminative 
and as a healing ointment in indolent ulcers. This last use prompted Jolly (1911) to use 
a dried extract of Berberis (Easaut) in the treatment of oriental sore. Subsequent 
workers — Karamchandani (1927) and Lakshmi DeU (1927). to name only two — have 
assured for Berberine a definite place in the chemotherapy of oriental sore. Bruno Putzer 
(1934), in his attempts to find a more potent derivative of Berberine in the treatment of 
oriental sore, synthesized many compounds and tried them in experimental oriental sore. 
He came to the conclusion that only soluble products of Berberine in the ammonium form 
have any chemotherapeutic effect. 

Apart from the general pharmacological interest, a pharmacological and therapeutic 
investigation of Umbellatine was undertaken to find if the structural modifications present in 
Umbellatine have altered its actions. 

Chemistry. — Umbellatine is a crystalline base more yellow than Berberine. The base is 
more soluble than any of its salts (chloride, sulphates, nitrates, etc.). At about the body 
temperature a solution of approximately 0-5 per cent can be made. Like Berberine. the base 
is thrown out of solution in the presence of electrolytes (normal saline and blood, etc.). In 
solution Umbellatine is positively charged and moves to the cathode. With urea a more 
soluble product can be made. 
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lUxpcrimcntaL — In tlic following biological experiments a O-b jicr cent solution lias 
been used, A comparison with Bcrhcrinc (0-5 per cent solution of the base was used) was 
made simultaneously, 

Grnvral proloplasmiv, artion, 

0)} ‘pavomccciuju. — U uihcUntiiic 1 in 500 impairs the activity (if paramcrcium in 5 minutes 
and kills these protozoa in 50 minutes. The time rciiuired for the sub-lethal and lethal actioji 
is less than that required by Bcrbcrniv in the same concentration. 

Specific octwii. — U iubclhtdiic 1 in 50.000 Inhibits the growth of Lcislt)>i(nii/i Iropica in 
liquid lucmoglobin saline medium. In 1 in lOO.OOO concentration of UmbilUiliw. grouth 
was very scanty, and in a culture examined after 12 days all the flagellates were found dead. 
Bcrhcrinc inhibits the growth of jAlsInnania Iropica m \i dilution of 1 in FO.Ot 0 (Das Gupta 
and Dikshit, Joe. cit.). J he growth of Lei ah mania ilonorani am! Bnlamaba hialoli/liea la iwi 
inhibited even in 1 in 10,000 dilution. Tlic effect of various drugs on the growth of 
E. hislolijliea. L. tropica and L. donovani is being investigated further. 

Local effects. — "When drojiped in the eye, the conjunctival vessels dilate in rabbits, guinea- 
pigs and cats, the dilatation licing more marked than with Birherihr of the .san;c strength. The 
corneal reflex is retarded ; with Birbcrine no .such retardation was evident. Urea Uvibellatinc 
(1 per cent solution) causes more congestion and lo.ss of corneal reflex. Injec ted subcutaneously 
in experimental animals, L inbclJatinc causes a dilatation of the local vc.sscls (in man, auiid in the 
rabbit’s ear, the area injected becomes pink). There is no irritation or tissue death : there is 
slight dulling of sensation in the injected part. The drug is absorbed both from subcutaneous 
and intramuscular injection, no trace of the drug being visible at the site of inoculation 24 hours 
after injection. 

Circulation. ~li\ cats under anaesthesia with chloralosc or urethane, Umbellatine in 2 
mg./kg. dose given intravenously causes a fall of blood pressure, the range of fall (20 to 30 
per ceirt) depending on the initial level of blood pre.ssure and the dose used. With 2 mg./kg. 
dose, return to the original level occurs within 2 to 3 minutes. Bcrhcrinc in some doses causes 
a greater fall (30 to 40 per cent) and the return to the original level takes a longer time. 

After paralysis of the parasympathetic nerve-endings with atropine, the fall of blood 
jrressure due to Umbellatine as well as that due to Berherine is less. 

In spinal cats also. Umbellatine causes a similar fall of blood pressure. The cat's heart 
in situ reacts by a diminution of contractility which is shared by both ventricle and auricle. 
This is similar to the action of Berherine. 

The abdominal organs, e.g. spleen, intestine and kidney, dilate during the fall of blood 
pressure, i.e. there is simultaneous splanchnic dilatation as the blood pressure falls. As the 
blood pressure gradually rises to normal, the spleen, intestine and kidney vessels constrict and 
their volumes diminish. Berherine also acts similarly. 

Smooth muscles. —With. Umbellatine in 2 mg./kg. dose the spleen exhibits increased 
rhythmic movements due to the rhythmic contraction of the splenic capsular muscle. 

Intestine.— In cats under chloralo_se anaesthesia, the intestinal movements, recorded with 
Jackson’s entferograph, show increased tonicity, contractility and rhytliniicity persisting for 
about 15 minutes after 2 mg./kg. dose given intravenously. A similar action was observed 
with Berherine but the duration and intensity were much less with the same dose. 

Uterus . — The effect on the uterus was studied in situ by Barbour’s technique in cats 
under chloralose_ anaesthesia. Strips of the uterus of the virgin guinea-pig were suspended 
in oxygenated Fleisch’s solution in a Dale’s bath. Under both of these conditions the uterine 
muscle responded by increased contraction and tone. The effects i?? situ preparations were 
more marked, the dose being 2 mg./kg. The dilution in the bath was about 1 in 150,000. The 
effect with Umbellatine was on the whole more intense than that with Berherine. 

Bladder.— flhe contractions were recorded bj'^ a tambour device comiected to a cannula 
introduced into the bladder through its anterior wall and fixed in position by purse-string 
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Sutiire. VmheUatine (2 mg. /kg.) produced sustained contraction of tke bladder. Berherine 
also produced a similar contraction but it was muck less. After paralysis of tbe parasym- 
pathetic nerve-endings with atropine, the stimulating action of Umbellatine or Berberine is 
much less or even absent. 

Respiration. — In cats under urethane anaesthesia the respiratory movements were recorded 
with a tambour device attached to the tracheal cannula. With Umbellatine (2 mg./kg.), the 
respiratory rate increases as the blood pressure falls, and it soon diminishes to about half the 
original rate. Bronchi first dilate and then contract as the rate falls. Berberine also depresses 
the respiration similarly. 

Discussion. 

The fall of blood pressure shown in spinal cats proves that it is not due to any central 
effect. The presence of splanchnic dilatation, conjunctival congestion, and dilatation of 
blood vessels observed at the site of injection, point towards a direct dilating action on the 
vessels. The diminished fall of blood pressure after paralysis of the parasympathetic nerve- 
endings by atropine suggests that it may be due partly to the stimulation of the parasym- 
pathetic dilators. The nerve-depression of the heart which obviously is due to direct action 
on the cardiac muscle also contributes to the fall of blood pressure. 

The smooth muscles of the uterus, intestine, bladder and spleen are stimulated. The' 
relatively diminished action on the bladder after atropine suggests that in some of these organs 
at least the increased activity observed is due to .parasympathetic stimulation. 

Umbellatine resembles Berberine in all its actions but it is more active than Berberine 
except in producing cardiovascular responses. This increased effect of Umbellatine may be 
due to the four hydroxy groups it possesses. May and Dyson (1939) remark that ‘ in the 
aromatic compounds the entrance of hydroxyl groups usually causes an increase in both the 
physiological effect and toxicity The diminished cardiovascular effect of Umbellatine 
is very probably due to the replacement of hydrogen of NH group of Berberine by the methyl 
radical to form NCH3 group in Umbellatine. 

Therapeutic use. — Prompted by the close similarity of chemical structure of Umbellatine 
to Berberine and its inhibitory action on the growth of Leishmania tropica, we have used 
Umbellatine in the treatment of fi cases of oriental sore. These patients had multiple sores 
(more than three), the majority" of which were secondarily infected. The sores were locally 
infiltrated with Umbellatine (0'5 per cent solution) following the same technique as suggested 
for the treatment of oriental sore by Berberine acid-sulphate solution. The small uninfected 
sores were healed with one or two injections. The infected sores required as many as 10 to 
12 weekly injections. No advantage accrues by diminishing the interval between injections. 
In one case two secondarily infected sores of almost equal size were simultaneously treated 
separately with Umbellatine (0'5 per cent) and Orisol (2 per cent Berberine acid sulphate ) ; 
these two sores required the same number of injections of Orisol and Umbellatme for healing. 
The results so far achieved are encouraging. In one case we used urea Umbellatine (1 per 
cent) with very good results. Further work is in progress. 

Summary and conclusion. 

1. Umbellatine, like Berberine, is not a protoplasmic poison. 

2. It has a specific inhibitory action on the growth of Leishmania tropica — the causative 
organism of oriental sore. 

3. It has a depressant action on the cardiovascular system. The heart is depressed 
directly. Blood vessels are dilated directly and also perhaps by stimulation of the paras5*m- 
pathetic vasodilator nerve-endings. 

4. The smooth muscles of spleen, intestine, uterus and bladder are stimulated. In some 

of these the action seems to be due to the stimulation of the parasympathetic nerve-endinf^s 
of the muscles concerned. ■ ° 

5. Eespiration is depressed and bronchi are constricted. 
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6. Umbellatine has been used witli success in the treatment, of oriental sore. 

7. The plmmiaeolopical aciions of Umbellatine are similar to tliosc of licrhrrinehni more 
intense e.xccpt in producing cardiovascular responses vliich arc less than those caused by 
Berberinc. 

8. Salts of Umbellatine arc less soluble than the base itself. With urea a more soluble 
product has been obtained. 


Our best thank's are due to i\rr. H. C'liatferjee. Professor (d Ohemistry, St. Joseph 
College, Darjeeling, for a liberal supply of the drug. 
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The authors (Ray and Basu, 1943) have shown that p-chloro-m-cresol reduces phenol 
reagent and that, from the intensity of the blue colour formed, the amount of chlorocresol 
present in an unknown solution can be estimated. It was observed that the reducing 
capacity of chlorocresol was lower than that of pure phenol. To find out whether this is a 
characteristic of chlorocresol or whether the reducing capacity of a phenol is dependent on 
the substituents present in the phenol molecule, the behaviour of different phenols with 
phenol reagent was studied. It has been found that the nature, as well as the position of 
the substituent in the phenol molecule, plays a considerable part in altering the reducing 
power of the phenol. If this factor be taken into account, various phenols can be estimated 
against a standard phenol from Beer’s formula : — 

TJ 

p ^ P V V weight of unkno^vn phenol 

^ Rj ^ 2 ^ y A weight of pure phenol 


Certain substituents again completely inhibit the reducing capacity of phenols. 

’ Reaction with phenol reagent . — The phenol reagent was prepared as described by Ray and 
Basu {loo. cit.). Pure phenol was standardized by bromide-bromate solution, and used as 
standard phenol for colorimetric comparison. A certain volume of the standard phenol solu- 
tion and a suitable volume of the unknown solution containing almost a molar amount of the 
phenol to be tested were placed separately in two different 100 c.c. volumetric flasks To 
each, 2 c.c. of the phenol reagent and 2 c.c. of a 20 per cent solution of sodium carbonate 
were added. The volume in each flask was made up to 100 c.c. and the blue colour which 
developed in each was compared in a Klett colorimeter using Beer’s formula, where 

Cl == Concentration per 100 c.c. solution of the phenol tested, 

’ C2 = Amount of the standard pure phenol, 

Ri = Reading of the solution under test, 

R2 = Reading of the standard phenol, 

V = Volume of the solution under test. 


P-chloro-m-cresol . — ^Three different solutions containing 0-10064 g., 0-10110 e 0 
0-10690 g. of chlorocresol were made in water and the volume in each case' was madeuv^ 
100 c.c., and each solution was then treated with the phenol reagent. The blue cl ° 
which developed was eompared immediately against that developed by standard nh 
solution containing 0-553 g., 0-467 g. and 0-500 g. of phenol respectively. The molar rat” 
between chlorocresol and phenol is 1-516. Prom the above formula the respective ne 
ages of chlorocresol came to 0-08818, 0-08944 and 0-09475 against 0-10064 0-lo”no 
and 0-10690. In each case the chlorocresol was found to be lower than the 
taken. Thus chloroeresol reduces the phenol reagent to a lower demee than nhe 
From Table I, it will be seen that this factor comes to 1-129 ; in other words^ 1^9 1 ' 

of .chlorocresol produces a colour intensity which is equivalent to that nmOn ,4*1, ® 

molecule of pure phenol. 


one 


Oi 



P-crcsot . — A 0-725‘l per cent solution of para-crcsol was made with water. This solution 
(0-1 c.c.) was placed in a 100 c.c. volumetric flask and 0-1 c.c. of 0‘‘i7'J7 per cent standard 
phenol solution was placed in another volumetric flask of the same capacity. Both were 
treated with the jdienol reagent as usual and the redticing capacity of p-cresol observed. 
Two similar additional tests were made with difTcrent amounts of standard phenol. TJie 
results of the c.xperiments are recorded in Table II. From the average of three e.xperiments 
it is found that the reducing capacity of 1-0G3 mole of p-crcsol is ccpiivalcnt to that of 
pure phenol.. 

M-cresol . — Three sets of experiments were similarly made with 0-1 c.c. of a ()-.3G0fi jjcr 
cent m-cresol solution against difTcrent amounts of standard phenol and the results 
recorded in Table III. In this case the amount found was greater than the amount actually 
taken. The factor comes to 0-9G5. 

-» t 

P-chloroplicnoJ . — A n-21G8 per cent .solution of p-chlorophenol was prepared. Three 
colorimetric estimations were made with 0-.‘10 c.c., 0-40 c.c. and O-.GI c.c. of tlic above solution 
against three sets of standard phenol .solution resj)ectivcly. The results arc recorded in 
Table IV. It will be oliscrvcd that 1-238 molecule of p-chlorophcnol reduces an amount 
of phenol reagent equal to that reduced by only one molecule of pure phenol. 

P-metho.\y phenol, p-hydro.xy benzoic acid, and ethyl p-hydro.xy benzoate were also 
treated with the phenol reagent. Imt the intensity of colour devcloj)cd was negligible. The 
influence of a more negative substituent like ‘ nitro ’ group was also studied. M-nitrophcnol 
developed a colour intensity far below that produced by the normal jdicnols. "With p-nitro- 
phenol no colour developed. Hydroquinonc, on the other hand, reduced jdienol reagent 
instantaneousl}’’ even before the addition of any alkaline reagent. 


Table I. 


% 


Experiment. R,. 


Rj. 


V, 

c.c. 


/ 


C-. 

g- 


Rntio, Average 

Found, Taken, T/F. factor. 

F. T. 


1 2S-G -20 0-8 0-000.')5:t 0-0S81S O'lOOOt 1-128.5 

2 19-8 20 0-8 0-000407 0-08944 0-10110 I'lSOO 1-129 

8 -’b-O 20 0-8 0-000500 0-09475 0-10090 1-1283 


Table II. 


1 10-0 20 

2 15-7 20 

3 22-6 20 . 


0-1 0-0004747 

0-1 0-0004070 

0-1 0-0000640 


0-0824 0-7254 

0-0841 0-7254 

0-6794 0-7254 


1-003 

1-060 1-063 

1-067 


Table III. 


18-7 

20 

0-1 

0-0003115 

0-3831 

24-3 

20 

0-1 

0-0004050 

0-3832 

20-6 

20 

0-1 

0-0003426 

0-3825 


0-3690 

0‘3696 

0-3096 


o’-OGS 


1 

2 

3 


0‘9640 

0-9640 

0-9663 



'J^ABLE iV. 


Experiment. 

R.. 

R.. 

c.c. 

c., 

g- 

C„ g. 

Found, 

F. 

Taken, 

T. 

Ratio, 

T/F. 

Average 

factor. 

1 

23-6 

20 0'30 

0-000314 

0-1983 

0-2468 

1-244 . 


2 

19-4 

20 0-40 

0-0003G1 

0-1976 

0-2468 

1-249 

1-238 

3 

20-S 

20 0-31 ' 

0-000467 

0-2020 

0-2468 

1-222 

• • 




Table V. 



■ 

Estimation of different phenols behaving normally leith phenol reagent. 



Standard solution 

.• pure phenol. 








Cl, g. 



Substance. 

R,. 

R. 

C;, 

F. 



Error, 



c.c. 

g- 


Found. 

Taken. 

per cent. 

Chlorocresol . . 

19-8 

20 0-80 

0-0004670 

1-129 

0-1010 

0-1011 

-0-10 

P-oresol 

16-0 

20 0-10 

0-0004747 

1-063 

0-7254 

0-7254 

Nil. 

M-oresol 

18-7 

20 0-10 

0-0003115 

0-965 

0-3697 

0-3696 

• 0-03 

P-ohlorophenol 

20-8 

20 0-31 

0 0004670 

1-238 

0-2500 

0-2468 

0-08 


Discussion. 

From the above esperimeuts it is evident that the substituent in the phenolic compound * 
plays a considerable part in its reducing action on the molybdate molecule on which depends 
the development of colour when a phenolic reagent is treated with a phenol. The more nega- 
tive the substituent the less is the reducing capacity of the phenol. Thus, p-nitrophenol does 
not develop any colom? with phenol reagent. This inhibitory action follows the order : 
NO 2 >COOH >COOR >0CH3 > Cl >CH 3 > OH.. The last compound, hydroquinone, rapid- 
ly reduces the phenol reagent. The position of the substituent again plays a part in this direc- 
tion: thus, the nitro group, when present at the para position, completely inhibits the 
reducing capacity of phenol, while with meta-nitrophenol some reduction is observed. The 
influence of position is also apparent in the case 'of a methyl substituent. The reducing 
capacity of 1-063 mole of p-cresol is equivalent to one more of phenol, but when this methyl 
group is shifted to the meta position as in m-cresol, the reducing capacity of this substituted 
phenol increases, as is evident from the results recorded in Table III. Less than one 
mole of m-cresol is required to reduce that amount of the reagent which is required 
by one mole of pure phenol. The phenols used in these investigations were those available 
in the market and were unpurified. 

Phenols which behave normally in reducing phenol reagent can easily be estimated by 
a colorimetric method using Beer’s formula. The molar ratio between the phenol to be esti- 
mated and standard phenol has to be multiplied by an ascertained factor, i.e. the reducing 
capacity of the unknown phenol. The formula thus becomes — 

p _ ^ p V ^tol. weight of phenol to be tested „ 

^ Kj 2 V Jlol. weight of pure phenol (stamlardX ^ ^ 

(F beiug the respective reducing capacity of phenol to be tested). From Table V it will 
be evident that chlorocresol, p-cresol. m-cresol and p-chlorophenol can easily be estimated 
against a standard phenol and the percentage of error is practically nc^lioible 
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Conclusion. 

Tlie bcliaviour of pliciiols witli ])henol rcnpcnt i.s rlcj)cn(lciit on ilic nntnrc and position 
of the substituent in the phenol molecule. Nitro group, ■when present in the par.a position, 
does not reduce phenol reagent, whereas the hydroxy group in Ihc same position enhances the 
reducing capacity to a very considerable extent. 

P-chloro-m-crcsol, p-crcsol, m-crcsol, and p-chloro])hcnol can easily be estimated in solu- 
tion with a phenol reagent. 

KKFKKKNX’i:. 

B.\y nnd Basu (191S) .. .. hid. Jour. Mid. Itr-i., 31, p. 221. 
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BY 
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[Received for piiblic.ation, October 11, 1943.] 

Even before the introduction of sulplianilyl-guanidine by Marshall et al. (1940, 1941) 
against intestinal bacillary infections, attempts in this direction tvere already being made by 
other workers with sulphanilamide, sulphapyridine and sulphathiazole (Jones and Abse, 1939 ; 
Gorlitzer, 1940 ; Drobinskiy, 1940 ; Cooper and Keller, 1940 ; Ching et al., 1940 ; Haldo and 
Devincenzi, 1940). Sulphanilamide and its derivatives, being rapidly absorbed, were quickly 
removed from the intestines, without reaching a prolonged destructive concentration against 
the pathogenic organisms. The value of sulphanilyl-guanidine lay in its poor absorption 
from the gut, its solubility in water, and its high antibacterial activity, Brownlee and 
Tonkin (1941), working on derivatives of the sulphanilamide and sulphone class which possess 
similar characteristics, reported the efficacy of sulphanilyl-benzamide m vitro against 
organisms of the dysentery, para-dysentery and Salmonella groups. In addition to the 
poor absorption of this compound from the gut of rabbits, its antibacterial activity was 
found by them to be tyeater than that of sulphanilyl-guanidine. Since no detailed work 
on the toxicity, absorption and blood concentration of sulphanilyl-benzamide appears to 
have been done certain investigations have been undertaken with samples of this compound 
(M.P. 181°C.-182°C.) prepared in this laboratory. The results are described below. 

Experimental. 

Acute toxicity in mice. — Sulphanilyl-benzamide being very insoluble in water an emulsion 
in olive oil was used for testing its toxicity by intra peritoneal injection. Tests for toxicity 
by intravenous injection were made with a solution of the compound prepared by the addition 
of a minimum quantity of caustic soda and adjusting the pH between 8 and 9. The dosage 
used and the number and weight of the animals employed are given in Table I ; ' ° 

Table I. 


Showing the result of the toxicity tests {in mice) of sulphanilyl-benzamide. 


Mode of 
administration. 

Number 
of mice. 

Average 
weight in 

cr. 

o’ 

Dose, 

nig./g. 

body-weight. 

Mortality in 
96 hours. 

Symptoms. Remabks. 

Intravenous 

12 

18 

0-25 

0/12 

Slight excitement. 

»» • • 

12 

18 

0*5 

0/12 

J» • • 

8 

18 

1-0 

0/8 


« • * 

10 

20 

1*5 

2/10 

.. 

Intraperitoneal 

79 • • 

10 

s 

20 

21 

1-0 

2-0 

0/10 

1/S 

Higher dosage was not 
tried as a stronger 
emulsion than 8 per 






cent could not be 
accurately adminis- 
tered. 
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Conrenfrnfion in blood. — For f he ep/ininfion of hloorl eoneentrntion f}ie torlmiquo enipioverl 
was essentially tlie same ns Mini followed hy one of ns in a })rcvions study of soluhle sulplmnil- 
aniide derivatives (Bose, ]ni2). Tlic drug was given orally lo mice and rabhils as a 4 per cent 
ejnulsion in olive oil. ]i'or mice, a 2-5 j)er cent watery .solnfion was al.so used when working 
with the loAver dosage of O'J mg./g. The modified colorimetric method de.scrihcd hv Marshall 
and Litchfield (1038) was cm])loycd for the estimations, using dimethyl-a-naphthylaminc as 
the coupling reagent. ]^or comparative })nrposc.s the e.vperiment.s in mice were repeated with 
.sulpha nilamide using equal amounts and molecular proportions etjiiivalent ro fho.sc u.sed in 
the case of sulphanilyl-hciuamido. 'I’he rcsuif.s are given in Taj)le If; — 
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10 -.5 

11-0 

3-8 

mice 

Siilphanilaraidc 

Oral 

*0-31 

n 

2 

8-8 

7-9 

9-7 

9-7 

8-7 

18-0 





3 

6-8 

8-4 

19-0 





f 1 

G-4 

7-4 

13-5 



Oral 

0-10 

I 2 

4-3 

5-2 

17-3 

mice 

Siilphanilamide 


3-2 

4-3 

26-0 



1 

t 4 

3-4 ' 

4-7 

27-7 




1 

r i 

10-8 

10-7 

Nil. 




1 

0-60 ^ 

1 

i 

0-1 

6-6 

7-9 

Rabbits. . 

Sulphanilyl-benzaraide 

Oral 

[ i 

7-5 

7-9 

8-1 

8-0 

G-6 

0-9 


* Dose equivalent to O'S mg. sulplianilyl-lienzamide. 

Almrvlion from gaslro-inlesliml (mcl.-Iu ordev to ascertain tie amount and tlie rapidity 
Aompiouj/um y + 1,0 mit five mice of similar weight were fed 

0 l alsotptiTOof snip anlyl-b drug per gramme body-weight and the pooled contents of the 
loma* ^tc Sues ISscpW W-als of one and four hours. Assay 
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was done according to the usual procedure after the contents had been macerated with sand 
and distilled water. The results are given in Table III : — 


Table III. 

Shoiowg the amount of sulphanilyl-benzamide recovered from the 
gaslro-intestinal tract of mice. 


Average 
weight in 

g- 

Total amount 
of drug fed, 
mg. 

Hour of 
sample. 

Amount in mo. recovered 

FROM 

Stomach. Intestine. 

20 

20 

5 

5 

1 

4 

f 

1-5 0-6 

0-4 Trace. 


Summary and conclusions.- 

The results obtained (vide Table I) indicate that sulphanilyl-benzamide is free from undue 
toxicity, and that it appears to be better tolerated than snlphanilyl-guanidine {cf. Marshall 
et al., 1940). Absorption from the gastro-intestinal tract of mice seems to be fairly rapid as 
shown by the disappearance of the drug within four hours (Table III). In mice sulphanilyl- 
benzamide reaches a moderately high concentration in the blood a half to one hour after ad- 
ministration, very similar to that produced by equimolecular proportions of sulphanilamide 
at the same inter^’^al after administration. The concentration of sulphanilyl-benzamide, 
however, tends to be maintained at a steadier level than is the case with sulphanilamide. From 
column 7, Table II, it is evident that the percentage of conjugation in the case of sulphanilyl- 
benzamide is much lower than that in the case of sulphanilamide, when the drugs are adminis- 
tered in low dosage (0-1 mg./g.). In rabbits it was found that the drug did not reach'as high 
a concentration in the blood as in mice, but the figure obtained indicated a fair degree of 
absorption: 


Our thanks are due to Dr. U. P. Basu for bis interest, and to Mr. J. Sikdar, M.sc., for his 
assistance during the course of this work. 
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AGENT : AN EXPERIMENTAL STUDY ON 
LABORATORY ANIMALS. 
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[Received for publication, July 30, 1943.] 

Trichlorethylene, CCI 2 : CHCl, first described in 1864, has mostly been used for dry- 
cleaning clothes, de-greasing metals and de-waxing lubricating oils. Interest in the medicinal 
use of this substance tvas created by the report of Plessner (1916) who first observed the 
elective action of this drug on the trigeminal nerve and recommended its use in trigeminal 
neuralgia. A number of workers (Joachimoglu, 1921 ; Herzberg, 1934 ; Jackson, 1934; Krantz 
et al., 1935) subsequently studied the pharmacological and toxicological effect of this substance. 
An analysis of these studies has been published by the Council on Pharmacy and Chemistry 
of the American jMedical Association (1936). On the basis of the data then available, the 
Council decided that it was not desirable to accept trichlorethylene as a general anEesthetic 
until further clinical and experimental work had been carried out. More recently, ‘ Trilene ’ 
(a stabilized form of the trichlorethylene) has been used in surgical anaesthesia with 
apparent success by Hewer (1941, 1942), Elam (1942), Gordon and Shackleton (1943) and 
Haworth and Duff (1943). 

An inquiry as to its suitability for use in India led us to- investigate this problem. The 
present work thus comprises an experimental study of the anaesthetic and toxic effects of 
trichlorethylene in comparison with chloroform and ether. 


Experimental. 


1. Materials and methods . — Originally the experiments were intended to be carried out 
with ‘ Trilene ’, an imported brand of trichlorethylene purified and stabilized with 0-01 per 
cent thymol. As this substance was not available in sufficient quantities, the work was conti- 
nued with trichlorethylene purified and stabilized in Indian laboratories. In all, three 
samples of trichlorethylene have been used : (a) one specimen of trichlorethylene purified in 
India from the crude product, (6) one specimen further purified* from (a) and stabilized with 
alcohol, (c) a sample of ‘ Trilene ’ supplied by the Imperial Chemical (Pharmaceuticals) Ltd. 
England. 

The anaesthetic and toxic effects of these three samples of trichlorethylene were studied 
on mice, guinea-pigs and rabbits. For mice both ‘ Closed ’ and ‘ open ’ methods of aneesthesia 
were used but for guinea-pigs and rabbits the ‘ open ’ method only was employed. In the 
‘ closed ’ method, the animals were kept in an air-tight cone of 180 c.c. air-space and the 
anaesthetic administered through the narrow open end of the cone. For the ‘ open ’ method 


* The ‘ purified ’ trichlorethylene agreed with the following chemical specifications : — 

(i) Sp. gr. at 20°C. between 1’461 and 1'468 ; distillation range between 86°C. and 88°C. 

(ii) Residue on evaporation — ^not more than O'Ol per cent. 

(iii) Acidity — not more than 0‘002 per cent as HCl. 

(iv) Free chlorine — nil. 


J, MR 
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a suitable mask was used iii (be usual manner for inducing general a lucst Iiosia. The ana-stliefics 
were given from a tuberculin syringe al (be rale of rme dro]) every 20 seconds. Guinea-pigs 
ana^sfclictized will) cl ber rccjuircd n drops per minule. T?ab!>ils sbowerl a peculiar (cndcncy 
to Iiold tbeir brealb in (be first and second singes of iin!esfbesia and lo brcalbe ranidly only 
wben (be mask was liflcd for rc-ebarging. Tin* mask was re-ebarged every minule with 
four successive drops of ‘ Trilene trioblorelbvlcne. or ebloroform and with ten drops 
of elber. 

t 

2. Fvidviffs — (n). The menu (niasthctic. and Irthal doses ^vitb tlieir standard devia- 
tion figures are given in Talile I. 


brom an analysis of Table I il will be ol>seivcd Ibal in all throe species of animals, chloro- 
form showed the grcalesl anieslbelic eflect and ether the least. The anastbcfic and lethal 
doses of tricblorcdiylene Avere found lo i>e .similar to (hose of ‘ 'J’rilene ’ and both of them 
resembled chloroform more than ether in tbeir mode of action. Induction of aniestbesia with 
tricblorctbylcne was comjiarativcly easy hut. unlike ebloroform. initial fatal vagal-inbibition 
seldom occurred and post-aiuestbetic toxic manifestations were infrequent. Tiicbloretbylene 
did not produce muscular rela.xation of tlie .same ilegree as was ol'tained with chloroform 
or ether. lli(h the former, b/inking of the oyeiids, norlding movement of the bead and 
even convulsions were not infrequent. StitTness of the e.\t remit ics and the jdicnomenon 
of tail-raising, present in a cert.-iin proportion of animals, showed an ineomplcte resolution 
of spinal centres as in the case of nil rous-o.vide aiuestliesia. 

A comjiarison of tlie mean aiuest belie and lethal dose figures in Table I indif ates that the 
margin of safety, as judged In- the ratio of the two doses, is greatest with ether (from 2-5 
to 3 in mice and about 1 in guinea-pigs). With (‘lilorofoim and trichlorethylene this 
ratio was about 2 in mice (‘open' method), and 2 and 3 respectively in guinea-pigs. It 
Avould thus apjrear that the margin of safety is slightly lc.ss with chloroform tlian with 
trichlorethylene. 

Elimination of the amcsthotic. as judged by the reappearance of corneal reflexes and the 
recovery to the normal state, seemed to be ()uieker witli chloroform than with ‘Trilene’ or 
trichlorethylene ; with the two latter there were also localized and generalized spasms while 
recovering from the ana*sthesia. 

Under ‘Trilene' and trichlorethylene the pulse w-as first irregular and fibrillating but 
later slowed dow'ii. TJic respiration w-as, lioAvever, accelerated as by ether. The findings 
of Jackson (foe. cd.) were thus corroborated. In tlie case of ' Trilene ' and trichlorethylene, 
death occurred from primary respiratory failure preceded by cyanosis, Avhile with chloroform, 
cardiac failure w-as the primary cause of death. Respiratory failure was much more gradual 
with iether than wdth ‘ Trilene ’ and triclilorethylene, and the lieart appeared to be better 
sustaned. 

Trichlorethylene vapour did not appear to have as much irritant effect on the res 2 )iratory 
passages as ether. No excessive salivation or secretion of mucus was noticed. The vapour 
of ‘ Trilene ’ and trichlorethylene, however, proved to he irritant to the ej^es and a good deal 
of lacrymation (also observed by Jacksozi, loc. cit.) and congestion of the conjunctiva Avere 
produced though no true conjunctivitis was observed. 

(6) Chronic toxic effects , — These were studied on mice and guinea-pigs with increasing 
doses of the anoesthetics starting with the mean aneesthetic dose and .going uj) to the mean 
lethal doses for each species of animals. In the case of mice the animals w^ere prepared by 
the ‘closed’ method of administration and killed with the same substance on the 8th day. 
In the case of guinea-pigs, the ‘ open ’ method Avas used and the animals AA^ere killed on 
the 10th day. In Table IT, the Auarious mor] 5 hoIogical changes in various organs of guinea- 
piifs have been summarized and the total dose and the total duration of ansesthesia indicate . 
The microscopic apjiearances of the lung, Ih’-er and kidney of guinea-pigs treated wut i 
trichlorethylene and chloroform are sliGAAm in Plate I (figs. 1, 2, 3, 4). For broAU j’- .le 
findiiif's in mice liaise not been included, hut these conform with those in guinea -jngs. 
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Pig. 1. Effect ot tiioUlori'tlu leQe on luais 
(low magnification). Patchy consohdation, emphyse- 
matous areas and desquamation of bronchiolar 
epithelium mdicated by arrows. 



Pig. 3. Efiect of trichlorethylene on h\er 
!.loi\ magnification). Little desenerathe and fattr 
changes. 


Pig.- 2. Effect of tiichloreth'skne on kidneys 
(high magnification). Glomerida’’ h.cmorrhage indi- 
cated by airow marks and swehing of tubular 
epithelium. 



Pnr. 4. Effect of chi iroform on hver (low 
maenification). Swellin.- and vacuolation of Iner 
cells and fatU dcjcnenition. 









Showing toxic effect of ‘ Trilcne \ trichlorethylene. chloroform and ether on heart, lungs, liver 

and kidneys of guinea-pigs. 
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It will be seen from Table 11 that, in toxicity, chloroform ranks highest and ether lowest 
amongst the three anjesthetics studied. Contrary to the findings of Joachimoglu, Herzberg 
and Krantz (?oc. cit.), ‘ Trilene ’ and trichlorethylene were found to be toxic to the kidneys 
and lungs and produced broncho-pneumonic and acute toxic nephritic changes. This is in 
accord with the findings of Lande e( al. (1939) who also observed pathological changes in the 
kidney following prolonged administration of trichlorethylene. 

Experiments with graded doses of purified trichlorethylene showed that ‘ Trilene ’ was 
the least toxic of the three samples studied. Sample 1 of trichlorethylene was found to be 
slightly more toxic than sample 2. The latter sample, under identical conditions of animal 
experiments, showed 15 to 20 per cent greater toxicity than ‘ Trilene ’. This difference may 
not be of any serious consequence, as such high dosage is not likely to be used in surgical anaes- 
thesia. Animals submitted to 50 per cent of the above dosage failed to show any appreciable 
pathological changes. 

CoNcnusiONS. 

1. A comparative study of the anaesthetic and toxic action of ‘ Trilene trichlorethylene,' 
chloroform and ether has been made on mice, guinea-pigs and rabbits. 

2. In anaesthetic properties, ‘ Trilene ’ and trichlorethylene showed certain character- 
istics common to both chloroform and ether, but muscular relaxation was almost as imperfect 
as with nitrous oxide. 

3. Both ‘ Trilene ’ and trichlorethylene are less toxic than chloroform, but ether proved 
to be safer than either of them. The anaesthetic dose of ‘ Trilene ’ and trichlorethylene is 
slightly greater than that of chloroform but is much less than that of ether. 

4. Favourable features of trichlorethylene anaesthesia are its rapidity of action, its 
analgesic eSect and relative absence of early fatal accidents. Its chief disadvantage is its 
failure to produce complete muscular relaxation and when this is required, resort must 
be had to supplementary ether anesthesia. In view of observed toxic effects on the kidney 
and lung after administration of hea^^ doses of trichlorethylene, it would be injudicious in 
the present state of knowledge to use trichlorethylene in cases where prolonged anEesthesia 
is required. 

5. No difficulty was experienced by the authors in inducing ansesthesia in animals- 
\sdthout the use of special apparatus. 
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Nath and Grewal (1935, 1937, 1939) have shown in their exhaustive study that 
malignant disease is not uncommon in India. Although their data were based on clinical, 
autopsy and biopsy records, they have stated that these offered onl}* a very rough measure 
of the cancer incidence in India. In Ceylon too. an accurate estimate of the incidence of 
malignant disease is impossible, but a rough idea regarding its prevalence could be obtained 
by a perusal of Table I which gives the number of admissions and deaths from malignant 
disease at the General Hospital, Colombo, during the four-year period 1939 to 1942. Malig- 
nant disease accounted for 4,027 admissions which is nearty 1/30 of the total admissions. 


Table I. 

Admissions and deaths from malignant disease at the General Hospital. Colombo. 



1939. 


1940. 


1941. 

1942. 


Total admissions. 

Total deaths. 

y. 

< 

Deaths. j 

02 

c 

o 

*x 

X 

* 

C 

02 

X 

02 

02 

c5 

Admissions. 

o: 

c 

52 

R 

Buccal cavity 


15 

445 

16 

496 

16 

460 

17 

1,908 

64 

Stomach and liver 

49 

12 

37 

9 

4S 

Id 

76 

23 

210 

60 

Peritoneum, intestine. 

61 

5 

43 

5 

67 

12 

60 

19 

231 

41 

rectum. 











Female genital organs 

230 

IS 

154 

12 

200 

16 

124 

15 

70S 

61 

Breast 

49 

5 

57 

4 

7S 

7 

49 

o 

233 

21 

Skin 

39 

4 

25 

3 

39 

3 

31 

3 

134 

13 

Organs not specified . . 

172 

12 

111 

3 

136 

16 

184 

20 

603 

51 

Totals 

1,107 

71 

872 

52 

1,064 

S6 

984 

102 

4,027 

. 311 


Table II shows some of the main causes of morbidity during the same period and it will 
be seen that malignant disease exceeded the morbidity caused by -typhoid fever and was res- 
ponsible almost to the same degree as tubererdosis. influenza and pneumonia in the creation 
of a morbid state : — 
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Main causcft of morbid it y. 




1939. 


1910. 

Kill 


191 

0 

•J 

c 

T 

'/ 

E 

E 

0 

H 

rr 

z 

0 

Eh 

tf 

c 

c 

1 

1 

T 

rZ 

c 

c 

rr 

Z 

f 

r 

T 

rt 

C 

.9. 

r 

rr 

•r 

T 

r 

T 

Malaria 


4,03(5 

1.57 

3.715 

1.52 

2.99(5 

SI 

1,373 

39 

12,120 

432 

Pneumonia 


1,5(58 

28 » 

1,7(:2 

203 

1,1.55 

182 

r>7/» 

98 

5,1(50 

707 

T\’plioid . . 


9U 

20(! 

727 

1.50 

89(5 

199 

579 

112 

3,14(5 

(5(57 

Influenza . . 


1,140 

20 

1 ,.507 

7 

1.211 

13 

7(51 

(5 

4,(522 

40 

Tubercnlo^is 


8(i! 

191 

1.012 

190 

1,2(50 

291 

988 

11 

4,121 

(580 

Chronic ulcers 


S(i4 

10 

ni.K 

(5 

r»r>7 

19 

520 

11 

2,4(59 

40 

T0TAI.S 

•• 

33,295 2 

,(555 

3(5,1.82 

2,483 

32,8(57 

2,.502 

22,1(53 

1,(528 

124,807 

9,208 


As a preliminary investigation regarding malignant disease in Ceylon, an attempt has 
been made to make an analysis of the malignant tumours sent to the Department of Pathology, 
University of Ceylon, for histological examination from various hospitals in the island, during 
the seven-year period 193G to 1912 (biopsies from all the ho.spitals in Ceylon are examined in 
this department). The total number of specimens e.xaminctl histologically during the period 
was 10,880. Most of these were removed at operations. A’'ery few liad been obtained post- 
mortem. Of the total number of .specimens, malignant tumours amounted to 2,295 or 21 ‘3 
per cent of the specimens c.xamincd. 

Table III gives the types of malignant tumours studied. Primary carcinomata consti- 
tuted 79T per cent. The special tumours in the table includes some rare neoplasms and on 
account of their rarity they have been classified into a separate group. 


Table III. 


Types of malignant 

Primary carcinomata 
Secondary carcinomata 
Primary sarcomata . . 

Special tumours 

Hajmangio-cndotheliomata 

Malignant cndotheliomata 

Malignant melanomas 

Lymphadenomas 

Lymphosarcomas 

Lympho-epithcliomas 

Potential cancers 23 ; pre-cancorous 11 


tumonrs. 


. 1,815 (79‘1 per cent) 

95 (4-1 „ „ ) 

188 *(8-2 „ „ ) 

22 (l-O „ „ ) 

10 (0-4 „ „ ) 

35 (1-5 „ ., ) 

41 (1-8 „ „ ) 

32 (1-4 „ „ ) 

18 (0-8 „ „ ) 

5 (0-2 „ „ ) 

, 34 (1'5 ,, ,, ) 


2,295 


Although there is much controversy regarding the nature of lymphadenoma, we have 
for the purpose of this study looked upon it as a malignant tumour. ^ 

Malignant melanoma has been included in a separate category, as its origin is still contro 
versial and as this group of tumours shows a high incidence in Ceylon. 
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Of the 95 secondary carcinomas, 75 occurred in lymphatic glands, 12 in the omentum, 
7 in the liver and one in a hernial sack. As the primary site of these neoplasms are 
unknown these will not be considered any further. 

It is of interest to compare the incidence of malignant tumours based on histological 
studies carried out by Nath and Grewal (loc. cit.) in India. Table IV, which gives the incidence 
of malignant tumours based on the examination of biopsy specimens, is comparable with our 
study. It will be seen that there is not much variation in the incidence of malignant disease 
in different parts of India and in Cejdon. The incidence here appears to be slightly higher 
than that of iMadras, Bombay and Bengal and slightly lower than that of Rangoon. 


Table IV. 


Incidence of malignant tumours in biopsy material in India 

and Ceylon. 


Place 

Number of 
specimens 
studied. 

Number of 
malignant 
tumours. 

Percentage 
incidence of 
malignant 
tumours. 

Madras 

11,801 

2,236 

18-9 

Rangoon 

, ~ . . 2,814 

741 

26-3 

Bombay 

9,855 

1,848 

18-8 

Bengal 

6,143 

1,136 

18-5 

Ceylon 

10,800 

2,295 

21-3 


The relationship of the sarcomata to the carcinomata based on biopsy records in different v 
parts of India and in Ceylon are given in Table V. The incidence of sarcoma in Ceylon 
appears to be very much lower than that in India. The incidence of sarcoma according 
to our study is 8-2 per cent and corresponds to standards in the United States of America, 
which according to Hoffman (1925), varies from 8 to 10 per cent. The relatively 
lower incidence of sarcoma in Ceylon may possibly be - due to a lack of setiological 
factors, such as infective granulomata, which are more prevalent in India and which are 
definitely recognized to predispose to sarcoma. • 


Table V. 


Relationship of sarcomata to carcinomata in biopsy material 
in India and Ceylon. 



Sarcoma. 

Carcinoma. 

Ratio of 
sarcoma to 

Madras and Burma 

552 

2,171 

carcinoma. 

1 : 4 

Central Provinces 

756 

2,.507 

1 ; 

; 3 

Delhi, United Provinces, Bihar & Orissa. , 

1,117 

2,531 

1 : 2 

Ceylon 

188 

1,815 

1 ; 

; 10 


The primary carcinomata. 

Table IH shows the primary site of the growth, the sex and racial distribution. The 1,815 
carcinomata arose in 31 different sites. The regional distribution according to sex is shown 
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in Tnble Vl-a. ■l‘J‘2 ])cr cent, of llic fninonrs jirosc in flic f^cncr.-it ivc or^jins in botli .sexes. In 
ncarl}’ half the nninber of fenialc.s aiul one-lliird (he ntunber of niale.s (lie ])riniarv firowfli %va.s 
removed from (he "onifals. which included (he ])enis. ])ro.s(a(e and (c.sfieic in the male and 
uterus, ovary, falloj)iiui tube, vulva and vaj^inii in the female. The cervix alone wa.s (hc})riniary 
site in nearly one-fhird of (he female cancer.s and the ])eni.s in more than a third of the male 
cancers. Cervical and penile cancer does not bear the same decree of prevalence in European 
countries (British Empire Cancer Campaicn. HM I ; IfofTman. ]01(i). The other sites in order 
of frequency were as follows ; buccal cavity, .skin, breast, castro-intestinal tract including liver, 
gall-bladder and pancreas, the nose and !ary>\x, the thyroid gland, eyelids, conjunctiva and 
cornea, urinary tract, parotid gland, j)harynx. and the ear. 


Taiiu: VI. 



1. eVrvix 

2. Buccal on vitv 
a. Pcni< 

•1. lircn.sl 
5, Skin . . 

C). Prostate 
7. Te.stis 
.S, Ovary 
9. Uterus — body, 
chorion opitlielioina 

10. Fallopian tube . . 

11. Vulva and vapiiin 

12. Thyroid 

13. Parotid 

14. OEsophagn.s 

15. Stomach 

IG. Small intestine . . 

17. Crecnm 

IS. Large intestine . . 

19. Rectum 

20. Pharyn.K 

21. Tonsil 

22. Nose 

23. Larynx and post- 
cricoid region. 

24. Liver 

25. Gall-bladder 

26. Pancreas 

27. Kidney 

28. Urinar 5 ^ bladder 

29. Urethra ■ 

.30. Conjnnctiv.TJ, 

eyelids 

31. Far (polypi) 

32. Unknown 


121 51) 5 If. 1 2 I 1915 

209 35 2 2 2 IS 

3 2 5 

12S 29 S r, 1 3 .. 175 

37 S 3 1 . . . . I 50 

n 4 .. 1 19 


i:: 


12 11 II 

(5 4 . . 1 11 

4 •» 

3 11 -I 

1 1 

2 1 1 . . . . 1 . . 5 

4 . . 1 o 

11 2 1 1 L"' 

4 1 2 1 S 

4 1 ■'I 

8 (5 1 L5 

11 3 .. 1 15 

4 2 5 

1 1 

1 1 

4 2 1 7 

4 . 2 1 7 

1 1 

) 12 1 1 2 10 

7 4 .. 1 12 

I 1 

34 13 3 50 
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28 

17 5 , 
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IK 

2 1 . 

i . 

78 

129 
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i? ’7 

1 ’3 

170 


!) 
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, 71 

\ 

.59 

I5 

3 . . . 

>) 

70 

215 

1 

1 . . . 

1 . 

32 

27 

•> 

I I . 

1 . 

35 

I 




1 

27 

-1 
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32 

22 

1 

• • t • • 

i . 

24 

9 

2 
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12 

5 
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2 

i .. . 


3 
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1 
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2 
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4 
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1 

2 

2 



4 

9 

I 



10 

1 

1 

i .. . 


3 

3 
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.5 'i i 7 

1 .1 

IG 3 1 20 


310 

274 

248 

175 

240 

50 

19 

70 

32 

35 

1 

32 

38 

23 

9 

7 

0 

5 

7 

19 

9 

9 

25 

18 

9 

1 
2 

10 

7 

8 

IS 

19 

2 

70 


T0TA.1.S 


051 170 32 33 2 


6 3 897 733 94 59 22 1 9 . 


918 1,815 



Table Vl-a. 


Begioml distribudon of (he 1,815 carcinomata. 


Generative organs 

Buoca) cavity including tongue 

Skin 

Breast 

Gastro-intestinal tract including li\er, gall- 
bladder, pancreas. 

Upper air passages (nose and larynx) 
Endocrine glands (tlij’ioid) 

Eye (eyelids, coniunctivai, cornea) 

Urinarv tract 

Parotid gland 

Pharynx and tonsil 

Ear 

Unknown site 

Totals 


JIalcs. 

Females. 

Total. 

Percentage 

distribution. 

317 

486 

' 803 

44-2 

196 

78 

274 

15-1 

17.5 

71 

246 

13-6 

5 

170 

175 

9-6 

42 

19 

61 

3-4 

30 

13 

43 

2-4 

14 

24 

38 

2-1 

28 

9 

37 

2-0 

15 

10 

25 

1-4 

11 

12 

23 

1-3 

18 

5 

18 

1-0 

1 

1 

2 

•1 

50 

20 

70 

3-9 

897 

918 

1,815 



Table VII gives the histological tjTje and sex distribution of the primary carcinomata. 
The predominant type vas the squamous variety, 65-8 per cent being squamous-cell carcino- 
mata. The squamous cell is widely distributed under normal conditions and pathologically 
it occurs as the result of metaplastic conversion of other types of epithelium, due to chronic 
inflammatory processes and nutritional defects. The predominance of the squamous variety 
over others is therefore not unusual. 


Table ^rfl. 

Histological classification of the carcinomata. 



Males. 

Females. 

Tot.al. 

Squamous carcinoma 

. . * 684 

511 

1,195 

Adenocarcinoma 

129 

161 

290 

Carcinoma simplex 

5 

137 

142 

Encephaloid (medullary) carcinoma 


8 

8 

Scirrhous carcinoma 

» . « . 

IS 

18 

Basal cell carcinoma (rodent ulcer) 

14 

5 

19 

Baso-squamous carcinoma 

10 

5 

15 

Transitional cell caremoma 

. . 7 


7 

Chorion epithehonia 


35 

35 

Hypernephroma 

, . 5 

2 

7 

Hepatoma (liver-cell caremoma) 

. . 0 

2 

f- 

/ 

Cholangioma (bile-duct carcinoma) 

1 

1 

2 

Teratoma 

. . 5 

6 

11 

Semmoma (dysgerminoma) 

14 

6 

20 

Mucoid caremoma 


2 

2 

Granidosa cell tumour . , 


2 

2 

Luteinoma . . 


1 

1 

Lympho-epithehoma 

. . 2 

3 

5 

Undifferentiated caremoma 

16 

13 

20 


Totai-s 


S97 


91S 


1,S15 



Sex- incjdcncc.~A\\ workers are agreed tlinl eaheor oceiirS more Ircrjuchtly in women fhiin 
ro rrT' instance mentioiiK that in the years ]t)0] to IfiO:}, 33,788 men and 

cancer. Although our figures support tin’s weTl-cstajjli.slied fact, yet 
the duierence in tlic cancer incidence hetween males and females is verv .small. In other 
countries tlic greater incidence in female cancers i.s attributed to the frequenev with which 
the female generative organs, cervi.v, utcru.s, ovaries, and the breast arc liable to undergo 
malignant change. In Ceylon, however, the relative proportions of male and female 
cancer arc not the same as in other countric.s. on account of the remarkablv liigh incidence 
of penile cancer. 

^ liacial incidence. — The population of Ceylon is composed of a mi.xturc of races. The 
racial composition of the population shown in I'nhlc VIII is based on the lf)31 Census and 
maj be considered a fair indication of the actual composition during the period under 
review . If our figures arc considered to reveal the actual incidence of cancer tliey show 
that only a small proportion of the Sinhalese, Tamils, I\roor.s'and ^falays arc afilicted. The 
figures, flow ever, far from indicating the cancer incirlence, onlv show the number of hospital 
admissions on whom biopsies have been done for diagnosis. 


Table VIII. 

Population and incideywe of enreinonin in hiops^y wnlcrial. 



Total 

popolntion. 

Carcinoma. 

Incidence 
per 1,000 of 
population. 

.Sinlinlo^e 

. . :1.I7.'1,020 

1,3S1 

0-4 

Tuinil'i (Iiuiiii nntl Coylon) 

.. 1.477,477 

2(i7 

0-1 

Blirghor.s 

32,31.''> 

91 

2-8 

Moor.s . , 

321,913 

5.5 

O'l 

Europenns 

9,1.74 

15 

1-0 

Maliiy.c . . 

1.5.977 

3 

0-2 


It cannot be argued from those figures that cancer is not so common in the Sinhalese. 
Tamils, Moors and Malays as in the European and the Burgher. It could, however, be reason- 
ably concluded that the European and the Burgher seek hospital admission more frequently 
than the rest. This is probably diie to the fact that their information and knowledge regarding 
such an insidious disease process like cancer hasten them to seek medical relief more frequently 
and much earlier than the other races. 

Age incidence {vide Graphs 1 and 2). — The age was recorded in the case of 689 males 
and 795 females. The ages in the case of the former varied from 10 months to 94 years and in 
the latter from 3 years to 79 years. In both sexes the highest incidence of carcinoma was in 
the ten-year period, 45 to 54 ; 63-8 per cent of female cancers and 52-1 per cent of male 
cancers occurred in the period of life between 35 and 64 years. Unlike most of the European 
countries and the United States of America, cancer begins to show high incidence in the 
3rd decade of life reaching its maximum in the 4th decade. The age period 45 to 54 not only 
showed a maximum incidence in all the primary cancers taken together but also coincided 
with the maximum incidence of carcinoma occurring at each primary site, with but a few 
exceptions. Thus, the highest incidence of carcinoma of the cervix, penis, oreast and 
buccal cavity was in the same age-group, the exceptions being the ovary and chorion 
enitlielioma, where the maximum incidence was at an earlier period in life, viz. 25 to 34, 
and the prostate and the uterine body in which carcinoma occurred later m life on bo to 

U and 55 to 64 respectively. 
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Carcinoma occurring at certain primary sites deserve furtter consideration. 

1. Cervix . — ^It 'vras stated earlier that cancer of the generative organs was noted in nearly 
half the number of females. Of the 486 cases involving the genital tract 316 occurred in the 
cervix. Histologically it was possible to differentiate three types ; (1) adenocarcinoma, (2) 
squamous carcinoma with spines or intercellular bridges with a tendency to form keratinized 


Graph 1. 



‘ pearls (3) a type which was not so well differentiated a:s (1) and (2) where the cells assumed a 
spindle or polygonal shape. Some of these showed giant cells. These on account of the marked 
anaplasia and the presence of mitoses suggested a very high grade of malignancy. Types (1) 
and (2) on account of the differentiation were regarded as the least malignant. ' There were 
only 17 adenocarcinomas, viz. type (1), the greater number of the cervical cancers being almost 

( ) 



equally composed of types (2) and (3). One hundred and fifty-five helon^'cd to type (2) the 
squamous variety and ]<i'l to type (2) the'most, nurligmmt. The adcnoenrcinomn'.nnd the 
squamous-cell carcinoma originated from the cervical canal and t he port io vaginalis respectively, 
but the undifTerenriated type originated cither from the portio vaginalis or from metaplasia of 
columnar epithelium of the cervical canal resulting frofn a long-standing ccrvicit is. which is very 
commonly found in women especially after parturition. 


Ghm'ii ± 



from this study it would appear that, in Ceylon, a large proportion of cervical 
cancers appears to be of a very high grade of malignancy. Treatment should therefore be 
connnenced very early in order to prevent suffering caused by metastasis. Early treatment is 
only possible if these cases attend hospitals and clinics immediately after the onset of symp- 
toms. But unfortunately it is common experience that such cases seek treatment at a time 
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when any form of therapy, beyond palliative measures is of no avail. [Attygalle (1937) 
mentions that in his -series of 181 cases 98 belonged to stage iv of the international 
classification.] This fact is also amply emphasized in our study. Of the 316 cases of cervical, 
cancer only in 8 was there evidence of early malignancy and only one was considered to be 
pre-cancerous. 

The maximum age incidence of cervical cancer according to our figures was in the ten-year 
period 45 to 54 the period of the menopause, but quite a large number occurred in the 
reproductive period of life as well as the post-menopausal period. Only 3 cases occurred 
before the age of 24. The relationship of cervical cancer to parturition is well establislfed in 
this country as well as in others (Stout, 1932). Certain setiological factors, which predispose 
to cancer of the cervix, have been recognized. One of these which is widely prevalent in 
Ceylon is chronic endocervicitis, the chief cause of which is found in neglected injuries received 
during child birth. Therefore, it is evident that one of the most potent weapons for the control 
of this disease is prophjdaxis. Post-natal examination is just as important as the ante-natal 
one. Leucorrhcea and haemorrhage, especially post-menopausal, should not be disregarded. 
Serious notice should be taken of cervical erosions, retention cysts, polypi and lacerations 
which are known in some way or other to predispose to carcinoma. Many an early case of 
cancer will not fail to escape detection, if in addition to palpation of the cervix, it is also 
examined with the aid of a speculum. 

2. Cancer of the uterine body was not so common as the cervix and occurred in the 
later years of life, the highest incidence being in the ten-year period 55 to 64. Although 
carcinoma of the uterine body is generally regarded as a disease of the post-menopausal 
period, our study indicates that in at least 6 women it arose between 25 and 44. The 
histological type was adenocarcinoma and only 5 out of the 32 cases showed early malignant 
changes. 

3. Chorion epithelioma . — A malignant tumour which is more frequently met with in 
Ceylon than in other countries is the chorion epithelioma. Stout (foe. cit.) says that this is a 
relatively infrequent malignant tumour. Quinland and Cuff (1940) in a collection of 6,176 
biopsy specimens and 813 autopsies in negroes does not mention a single case of chorion 
epithelioma. Hartz’s (1940) analysis of 650 autopsies at Curaco, Netherlands, West Indies, 
does not refer to a single instance of this tumour. Yet in our series there were 35 chorion 

* epitheliomas contributing to 7-2 per cent of the tumours of the genital tract. 

The incidence of chorion epithelioma was higher than that of adenocarcinoma of the fkterine 
body. This malignant tumour, which is invariably associated with a pregnancy, normal or 
abnormal, and follows hydatidiform mole in many instances, occurs in younger women during 
the reproductive period. The maximum age incidence in this series was in the age-group 25 to 
34. Six cases were seen in women between 15 and 24 years of age. There appear to be two 
factors which favour the growth of these tumours in women of this country. Firstly, there is 
a greater tendency to hydatidiform degeneration of the chorionic \T.lli. Thirty-two benign 
hydatidiform moles were seen during this period. Failure to evacuate these would have 
undoubtedly resulted in malignant change. Secondly, debilitating conditions like malaria and 
ankylostomiasis, the effects of successive pregnancies and general nutritional defects amongst 
the poorer classes appear to make the uterine muscle less resistant to the invasive action of 
the chorionic elements. 

4. Ovary . — There were 70 malignant ovarian tumours in this series which formed 14-4 
per cent of the malignant tumours of the female genital tract. They were more frequently 
met with in younger age-groups in contrast to other countries. According to Byron and 
Berkoff (1926) 60 per cent of the ovarian cancers lie between the ages of 40 to 60 years. In 
Stout’s {he. cit.) series 50 per cent occurred between 40 and 49. years. He states that only 
teraf^omata occur in the young, especially children. In our series the largest number, viz 
19, occurred in the younger age-group 24 to 34 years and in this group there were only 3 
teratomata. Ten malignant ovarian tumours, which included only one teratoma, occurred 
in women under 20 years. 
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T-lie types of ovarian tumours botli innocent and malignant wliicli were examined during 
this period is sliown in Table IX 

Table IX. 

Types of ovarian luinours. 

Ihnitjii Inmniirs — 

All tyjW'H of .Miiiipl*-' (fitlliciilMr, cor{iUH liiL'titn, cndotni-triiil) .. 

Donnoid cysts 

I’scudoimicinous i'3-st!uli;iioin(i .. .. 

Pnpillnr^’ ct’slndcnoma .. .. ,, f 


Total . . lOS 


MalignnnI hnnours — 

Jrulipnniit iinpilliiry t\vstndcn(itniis aS 

Pseudoimiciuoii't c\'st!uli'ii(iinii‘» ttiidcrpoinL' ninlii'iiniit clmiigi’ .. !i 
Solid cnrciiioiiia .. .. 

Teratoma . . . . . . , . . ^ . y 

Dysgormii\oina . . . . . . . ^ , q 

Grnmdosa Cell tumour .. .. .. .. 2 

Uiiclaisified ...... 


Totai. ,, 7(1 


GUAND TllTAI. .. tlUS 


(IG 

G 

101 

25 


It will be seen that out of 208 cysts removed surgically 70 were malignant — a percentage of 
26-1. Deaver (1928) reported 22G ovarian cy.sts operated ujion of which only 2.3 or 10-2 per cent 
were malignant. Thus, there njipcars to be a greater frequenc}* of malignant change in 
ovarian cysts in this country. This is probably once again due to delay in seeking medical 
advice. 

A large proportion of primary malignant tumours were the papillary growths, more than 
half being malignant. The pseudomucinous cystadenoma less frequently appeared to 
undergo malignant change. However, in the control of ovarian cancer it is wise to regard all 
benign cystic neojilasms of the ovary — jiarticularly the papillary cystadenoma — as definitely 
pre-cancerous lesions. Their early diagnosis and removal would reduce the incidence of 
malignant disease of the ovary. 

5. Buccal cavity . — Cancer of the buccal cavity was only exceeded by that of the cervix. 
Our figures do not. however, give a correct idea of the prevalence of oral carcinoma, as a large* 
number of cases that are admitted to hospitals are so advanced that a biopsy is rendered un- 
necessary for diagnosis. Figures obtained from the General Hospital show that out of 5,9G3 
cancer admissions during the years 1937 to 1942, 2,49G or 42 per cent were carcinomas of the 
buccal cavity (tongue included). Even if subsequent admissions are ignored there appears 
to be a large number of the population suffering from buccal carcinoma. Paul’s (1929) figures 
for 1928 also show a high incidence. Out of 415 cases of malignant disease admitted to the 
General Hospital in that year, 140 were cases of carcinoma of the buccal cavity (tongue included). 
Table X gives the sites from which biopsy specimens had been taken. The most frequent 
site of cancer of the buccal mucosa is the cheek and the gums. It is impossible in the 
later stage of the disease to decide whether the growth started as a carcinoma of the cheek 
or of the gums. ^ 

Table X. 

Buccal carcinoma showing the sites affected. 





Males. 

Females. 

Total. 

Cheek 

Tongue 

Gums 

Lip 

Palate 

•• 


95 

36 

23 

30 

12 

38 

11 

20 

6 

3 

133 

47 

43 

36 

16 


Totals 

.. 

196 

78 

274 
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The maximum age incidence of buccal cancer for Ijoth sexes is the ten-year period 
1915 to 1954, which is slightly lower than that of European'countries. 

Though cancer of the mouth was more frequently seen in the 4th to the 7th decade yet 
cases occurred in every age-group from 5 to 44 years. Seven cases were seen before the age 
of 20. Almost all these were carcinomas of an advanced degree of malignancy, but a very small 
proportion, viz. 31 out of 274, showed histological appearance of early malignancy. The 
infrequency of early malignant changes in our biopsy specimens in contrast to the large number 
of specimens showing undoubted malignant changes, once again suggests the late arrival of 
cases to hospitals. 

There appear to be two factors which predispose to buccal carcinoma ; (1) betel-chewing 
with lime, (2) dental sepsis. Association of cancer witli betel-chewing has been recognized by' 
previous workers (White, 1913). Dental sepsis, which may partly be attributed to the habit 
of betel-chewing, is widely prevalent (Balendra, 1941), and clinical examination reveals that 
cases of cancer are associated with carious and misplaced teeth and pyorrhoea alveolaris. Such 
conditions constitute a fruitful source of chronic irritation, especially of the gums, cheek and 
the tongue, which promotes cancerous changes in these tissues. 

6. Penis . — ^The primary site of carcinoma was noticed in the male generative organs in 
one-third the number of cases. Penile cancer was exceeded only by cervical and 'oral cancer. 
Paul (foo. cit.) found that carcinoma of the penis was the second commonest form of malignant 
disease in his series. Penile cancer is very much more widely prevalent in Ceylon though 
very rare in European countries and in the Americas, Squirm (1924, quoted by Stout, loc. cit.) 
encountered only 4 cases amoiig 1,000 cancers in the Argentine. vShore (1928) records only 
4 cancers among 1,000 miscellaneous cancers seen at St. Luke Hospital, Hew York. 
Statistics of the British Empire Cancer Campaign (loc. cit.) show 68 cancers of the penis in 
15,068 cases of cancer. On the other hand several workers have shown the higher 
incidence of penile cancer in Asiatic countries, e.g. Cochin China, Dutch East Indies and 
Malays, Filipinos, and in India (de Vogel, Sitsen, Gnarzon and Rogers, 1932 ; Nath and 
Grewal, loc. cit.). Stout (loc. cit.) states that the difference between Europe and the 
Americas on the one hand, and the Asiatics on the other hand, may be partly accounted 
for by the fact that many internal cancers in the latter group are not diagnosed as such, 
thus raising the incidence figures of the external cancers ; yet the discrepancy' seems too 
great to be accounted for in this way. The explanation is probably to be found in the 
personal habits and cleanliness of the population concerned. In Ceylon the rarity of this 
lesion in Mohammedans, who are circumcized early in life, suggests the evil effects of the fore- 
skin in the causation of this condition. Only 2 Mohammedans in our series presented this 
lesion, and in both there was a previous history of syphilis. White (loc. cit.) states that although 
penile cancer is the commonest carcinoma amongst Hindus it is almost unknown in the Moham- 
medans. Venereal diseases, especially if untreated, probably play a part in the setiology 
as they help to produce irritants, which are retained behind a tight prepuce. 

Although the largest number of cases occurred in the ten-year period 45 to 54 at least 
19-4 per cent of the tumours were seen between the ages 35 and 44, and 8-5 per cent between 
25 and 34 years. Three cases were seen between the age of 15 and 24 years. It would, 
therefore, appear that in Ceylon penile cancer is not restricted to elderly people. 

7. Prostate . — ^Prostatic cancer accounted for 50 of the 317 primary carcinomata of the 
male generative organs. The largest number of cases occurred in the ten-year period 65 to 
74, while the age-group 55 to 64 came a close second. No cases occurred below 44 years 
and the youngest was 47 years old. The average age at onset appears to be 60 to 70 years. 
The age incidence for carcinoma in our series was the same as for hypertrophy of the 
prostate. 

All the sections examined were definitely carcinomatous — there being no border-line cases. 
The carcinomatous process was superimposed on a previous generabzed fibro-adenomyoma of 
the gland, which is commonly called ‘ senile ’ hypertrophy of the prostate, and which is recog- 
nized to be associated with cancer. The series contained 146 glands of which 50 were found 
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to be caroinomntous. ii porecntngo of :M-L> whicli is slijilifly lii;,'licr than Swan’s (HI2.‘5) series, 
in wliicli was found a niali,mianev rate of 25-7 per cent in Ii78 prostates and Jiarrin^er and Wild- 
bol//s(1932)sericswlierctlicinali”naneyrafe\\asL>0 per rent. Onrfiyures, therefore, indirate 
t-hc necessity of reco<;nizinu tlie enlarged j)rostate of the aged as a pre-eatieerons condition. 
TJie removal of the gland on not icing signs of enlargement would not only afford a comfortabJc 
life to the aged, bnt also ])rcvent the onset of cjincer. 

8. Brens/.— Cnncor of the mammary gland, although not prevalent to the same extent 
as in European countries, is of great importance on account of its ea.sy acce.ssibility and better 
opportunities afforded for its early discovery and removal, which is attended by le.ss danger 
to life than in any of the internal cancers. There were 175 cases of mammary cancer in this 
scries. 5 of which were in males. 

Several workers (^^acViear, 1925. Bantu women of South Africa; Lalung-Bonnairc and 
Bablet, 1925, Annamite women in (’ochin China) have reported that on account of different 
customs, habits of rcjiroduction. lactiition and the we.aring of clothes, cancer of the female 
breast is rarer in the tropics than in Europe and America. In Ceylon too it a})pears to be rare, 
judging from admissions to the General Hospital. (’olom)) 0 , to which many cases arc referred 
to from all parts of the island, for operative treatment. 8ome iflea regarding the comparative 
frequency of the condition can be obtaitied from Table XI which gives the admkssions for 
mammary cancer to hospitals in other countries: — • 

'rAULi; XT. 


Incidence of mammarg cancer according to hospital 

admissions 

in different 

countries. 


Ho'ipitnl. 

.'Uammare. 

cancer. 

Percent aye. 

Prcsliytcfi.'ui Ho.^pifal. X('w Voik .. 

1 .Sl’>2 

I!) 

London County Hospital 

l.'i.UtiS 

H! 

General Hospital, C'olomho 

r),9r..q ;t70 

(i 


Age incidence . — The maximum number of cases occurred during the ten-year period 
45 to 54 and more than half the cases between 35 and 51 years. In the very old (between 65 
and 74) there were only 7 cases but in the young (between 25 and 3(1) tliere were 16 cases. 

The histological classification of the tumours in tJiis series is given in Table XII : — 


TAnnn XII. 


Mammnrg carcinoma — Jiislohgical classification. 

Carcinoinn simplex 
Adenocni'cinomn 
Squamous carcinoma 


Total . . 170 


Almost all the biopsy specimens were definite carcinoma, as in the case of the prostate, 
there being no border-line cases. Only two of these were considered to show early malignant 
changes. In only 15 was there evidence of chronic mastitis. The histological study of the 
remaining specimens did not throw any light regarding the origin of the growth. The^ prev- 
alence of definite malignant changes in the biopsy material and the rarity of earl}’' malignant 
and pre-cancerons changes even in the case of an accessible site such as the breast, suggests 
the late arrival of cases to hospitals. This emphasizes the need for education on such lines 
as would result in early recognition being given to such a potential danger as the lump in 
the breast. 
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9. Sl-in . — Anotlier primary site of importance not only on account of frequent involve- 
ment, but also because of its ready accessibility, vas the skin. Cancer of the integument was 
noticed in the young as well as the old. It was seen twice as frequently in men as in women. 
Although definite ajtiological factors in the dev.plopment of skin cancer such as Z-rays, heat, 
and chemical agents have been recognized in other countries, none of the cancers in our series 
could be attributed to these. In most of the cases the neglected chronic ulcer was the fore- 
runner of carcinoma and in a few others the cancer took its origin from cysts and fistulee or 
multiple warts especially in the perineal region, which became malignant either due to neglect 
or to the irritation caused by the remedies of the native physician. Quite a large proportion 
of growths were malignant melanomata which are more frequently seen in this country than 
in others. (Although malignant melanomata have been included in a separate group they 
will be discussed here as most of these arose primarily in the skin.) 

Table Xll-a gives the cetiological factor involved in the lesion. 


Table XII -a. 

Mtiological factors involved in the skin carcinomata. 




Males. 

Females. 

Total. 

Chronic ulcers 


122 

52 

174 

Perianal and anal warts 


1.S 

7 

20 

Sweat and sebaceous glands 


6 

. . 

0 

Epidermoid cy.sts 


3 

1 

4 

Fistulse in ano 


o 

. . 

5 

JIastbid fistidts 


1 

1 

2 

Umbilical fistulse 


1 


1 

Rodent ulcers 


14 

5 

19 

Baso-squamous carcinoma 


10 

5 

15 

JIalignant melanoma 


23 

IS 

41 

Totals 


198 

89 

287 


Of the skin cancers 61 per cent arose from chronic non-specific ulcers. This type of 
ulcer, especially of the leg, is a very common condition seen at all ages, in both sexes, all 
over the island. The ulcer usually arises as the result of trauma though not of very severe 
degree. It becomes infected on account of various local applications, and exposure to dust 
and dirt. Such ulcers grow larger and are formd to be intractable to treatment. Malignant ' 
change supervenes on a large proportion of these. The danger of neglecting these ulcers, 
if made known to the pubKc, will prove to be an important part in the prophylaxis of 
skin carcinoma. 

An interesting neoplasm which is not uncommon in Ceylon is the basal cell carcinoma. 
Two histological types have been ^een, one being the typical basal cell epithelioma, or rodent 
ulcer and the other the atypical form with ‘ pearl ’ formation, viz. the baso-squamous carci- 
noma. There were 19 of the former type and 15 of the latter. These were twice as frequently 
seen in men than in women, and were common in older people, the average incidence being 
about 60 years. The neoplasms were usually single but multiple rodent ulcers were seen in 
2 cases. The common sites were the face, scalp, conjunctivse and rarely the external audi- 
tory meatus and vulva. These are slowly growing tumours and the importance of recognition 
lies in the fact that the}’’ are amenable to radium and Z-ray which have been employed in 
other countries with good results (Stout, loc. cit.). 

■ The malignant melanoma of the skin occurs in this country more frequently than is 
realized. Although the pigmented mole' that is frequently seen on the skin is the most -liable 
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to form tills ty])c of prowtii. in Coyloii (Ills dors nol ajijicar lo be llio case, as tlio iiiajorily of 
these neoplasms arise from the sole of Ihc foot, where innoeent moles are not nsiinlly scon. 
However, in a few cases in women nmlipnaney had supervened on a previously existing 
pigmented mole. Itapid enlargement of the mole darkening of its colour, ulceration and 
vascularity preceded the malignant changes. The situation of these tumours is civen in 
Table XTII ^ 

Tauu: Xni. 

iitrhniniuft — auntfnniraj illstrllmllov . 


Fool (plnnt.-ir fnirriirc) .. 

Fop 

Tlniiiili 

A)i(IoiiiiiiiiI wnll 

Xerk 

Face 

I'-nr 

A'tilvn 

I'A'ti'inn! urinary rncatu-- 

Gum 

Fyo 

Unknown site 

Totai,s 


Ffinalr<i. ToTAI.. 

■~2 S .so 

1,1 
I I 

I 1 

1 .. I 

1 1 

1 1 

1 1 

1 J 

1 1 

.. 1 1 

1 1 


IS 41 


In males all the malignant mclanomata, excepting one, arose on the plantar surface 
of the foot either the heel or the sole or the plantar aspect of the toes. In females more 
than half the growths arose from the same site, the remaining tumours arising from 
previously cxi.sting innocent moles. (The tumour of the eye probably arose from the choroid, 
which is a favourite site of origin of tlic.se tumours.) The plantar surface of the foot which 
is frequentl)^ subjected to trauma in the case of bare-footed individuals was tlie favourite site 
of origin of this tumour. All the tumours in this situation, excepting three, were found in 
people who walked bare-footed and whose feet were thus continually exposed to injury. 
Almost in every case the pigmented ulcer followed some injury to the foot either by apiece of 
stone or wood, or a prick by a thorn. The native physicians treat these by various local 
applications. The ulcers become larger and when the patient is seen in the hospital, a large 
melanotic growth with multiple secondaries is noticed. The site of the lesion on a part 
which is very liable to be injured suggests trauma as a possible cetiological factor in those 
' malignant moles, which do not arise from innocent moles. Tlie local applications of the 
native physicians perhaps act as irritants. 

Melanoma ma lignum especially of the foot appears to be a condition which is somewhat 
peculiar to Ceylon. It is rather a curious fact that several authorities (Stout, loc. cit.; Mackee 
and Cipollaro, 1937 ; Pack, 1939) have stated that this tumour is exceedingly rare in the negro. 
The quantity of pigment in any particular race has therefore no bearing on the tumour. As 
excision and radiotherapy are useless in this condition the most important treatment is prophy- 
laxis. As a general rule, any mole which is of such a size and consistency that it may 
be irritated, should be removed and as trauma appears to be a causative factor in melanoma 
of the foot, due attention should be paid in our hospitals to traumatic ulcers especially of the 
plantar aspect. 

' 10. Thyroid . — •Cancer of the thyroid accounted for 2T per cent of the malignant tumours 
examined. Tumours which have been looked upon as simple adenomata have often been 
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found histologically to be malignant. The biopsy material examined from the 'thyroid 
gland consisted of the follo\Ying (Table XIV) ; — 

Table XIV. 


Tumours of thyroid gland. 


Benign iumonrs — 

Colloid goitres 
Cystadenoraata 

Foetal adenomata 

Toxic goitre 

Lymphadenoid goitre 



.. 98* 

13 
28 

.. 39 

6 




184 

Carcinomata 

.. 

.. 

., 38 



Total 

.. 222 


* It is not known how many of these were toxic as most of the cases had 
received iodine treatment prior to operation. 

Of the biopsies from the thyroid gland 17 per cent were found to be malignant. The 
evidence of cancer in biopsy material is very much higher than de Courcy’s (1924) series in 
which only 1'2 to 2 per cent of all operated goitre cases were malignant. As cancer usually 
develops in a pre-existing goitre, the high incidence of cancer in glands removed surgically 
indicates that the hyperplastic process had continued at least for some time before any 
intervention. Just as hyperplasia is commoner in women so, too, is cancer. In this series 
there were 24 .females and 14 males, a proportion of nearly 2:1. 

The common age for cancer according to our figures is between 45 and 64. However, 2 
cases (male and female) occurred before 20 years. The histological types seen in this series 
were the adenocarcinoma, the malignant papillary cystadenoma and the solid alveolar 
carcinoma. In one case the cancer arose from an aberrant thyroid which is said to be very 
rare (Stout, loo. cit.). Metastasis from thyroid cancer were found in the skull, ribs, lung, the 
cervical and axillary glands. 

One of the main principles in the treatment would be the recognition of all adenomata as 
potential cancers and the surgical removal of these. By so doing it is probable that some 
individuals will not develop cancer, who would have done so if the adenoma had not been 
removed. 

Lymphoid tissue. 

Malignant disease of lymphoid tissue accounted for 55 tumours and was composed of the 
following varieties : Lymphadenoma 32 ; lymphosarcoma 18 ; lympho-epithelioma 5. 

(а) Lymphadenoma . — This condition appears to be more common in Ceylon than our 

figures would indicate, as a biopsy is done only to establish a diagnosis. There 
were 26 males and only 6 females in this series. The glands are affected at a 
yoimg age, the largest number of cases in both sexes, \dz. 14, occurred in the age 
period 15 to 34. Four cases in males occurred between 5 and 14 years and 
one in a male aged 4 years. Our findings regarding age and sex incidence are 
the same as recorded by Minot and Isaacs (1926) in a study of 173 cases of 
Hodgkin’s disease. Amongst the females, the Tamils showed a. greater 
tendency to be effected, there being only 2 Sinhalese to 4 Tamils. 

(б) Lymphosarcoma . — There were 18 cases of lymphosarcoma 14 being in males and 4 

_ in females. This too appears to affect younger people, as 8 of these were noticed 
in patients imder 20 years of age. In addition to the lymphatic glands, the tonsil, 
liver, kidneys, pericardium, intestines, retro-peritoneal and retro-orbital tissues 
were involved in the process. 
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(f) Lijmpho-vpUhvJionia. — A loss woll-defim'd l)\it iiilorostin” calofiory of fiiitioiirs 
Wiis the lyniplio-cpitlielioina. There were only 5 such f uiuours" iii'tiiis series 
and ;5 took or^in from flic tonsil and 2 from the nasopiiarvnx, situations 
where the coverin': ej>it helium is in very intimate relationship 'with Ivmphoid 
tissue. Our eolleetion is too small to draw an\' couclu.sion.s. 


7’lli: .s.VUCOMA'IA. 

Puinour.s of the connective tissue, the sarcomata, were not so freipunitlv seen as those of 
epithelial origin. J here weie only ItSH or iS‘2 pc'r cent f>f the total malionant tumours (vulc 
Table III). 


In a eomjilcx gioup of tumours like tin* sarcomata, it is not jmssihle, especially in the late 
stages of the growth, to be e.vact regarding the tissue from which it arose, on acc()unt of the 
marked degree of dc-differeiit iat ion. 1 1 seems probabh' t hat of t he IPS sarcomata only 2(t were 
p^imaril^ in bone, the remaining ItiS being in the. soft tissues. Of the former grouj) the largest 
number weic to be found in long bones. In the latter grouj) .‘in were f()un(! arising from mu.sc‘lcs 
and fascitO of the lower limbs. I'ifteen were neund in origin and 11 arf'se from the female 
breast. The retro-peritoneal tissue of the abdomen gave origin to 10 tumours. 


Table gives a 


morj 


hologieal chu'sifieation of the sarcomata in this series; — 


Tahij; XV. 

Sarrumdhi. 

IIi.stolo(ilr/il chissijirafion. stj' tuiil i!istribu/i(»i. 




J’i:MAia;.s. 


Bound cell snreoinn 

. . 5 

1 

Spindle cell ,, 

.. 12 

4 

Mi.\cd cell ,, 

. . . . 

. . 

Polymorphous ,, 

10 

a 

Fibrosarcoma 

IS 

(> 

Chondrosarcoma 

5 

. . 

3Iyxosareoma 

10 

»> 

OsWosarcoma 


. . 

Angiosarcoma 

. . 5 

. . 

Jlyosarcoma 

•y 


Ewing’s sarcoma 

2 

o 

Unclassified . . 

21 

5 

Totals 

.. 92 

23 


Total. 





1 


, , 



7 

i 


5 

1 




23 



1 


, , 



1 



;j 

1 




17 



0 

2 

i 



37 


i 

4 

^ . 

, ^ 



10 



5 

2 

2 



21 

2 











2 





7 



1 



, , 


3 








4 

’2 


24 


2 

1 


60 


3 1 55 0 5 1 . . ISS 


Sex and age incidence . — Males were affected nearly twice as frequently as females and 
these neoplasms were met with at all ages. The largest number in both sexes occurred 
between 25 and 44 years, 5 cases were seen under 5 years of age, 3 of these tvere in infants 
aged two, six and seven months and 2 in children aged three years and three years nine 
months. Thus, children and young adults were found to be more frequently afflicted than 
in the case of carcinoma. 
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Special tujiours. 


On account of their rarity only 22 malignant neoplasms have been classified as special 
tumours {vide Table XYl). ^ 


Table XVI. 


SjKcial tumours. 


Males. Females. 


Total. 



Retinoblastoma 
Neuroblastoma 
Spongioblastoma multiforme 
Adenocarcinoma (bronchus) 
Teratoblastoma (kidney) 
Plasmacytoma 
Malignant osteoclastoma 
Undifferentiated carcinoma 


Totals 



3 

1 


1 


4 

1 


1 


11 


3 

1 









4 


1 





i 





2 


1 










1 


1 










1 


1 





. , 





1 




i 








1 


• ■ 





i 





1 


10 

2 

1 

1 


G 

1 


] 


22 


The most prevalent malignant tumour in this group was the retinoblastoma. There were 
11 such cases, 5 being in males and 6 in females. It occurred only in the Sinhalese, Tamils 
and the Moors. All the cases seen were in children under 5 years of age. Although it is stated 
that these tumours are hereditary, no such history was obtained from these cases. 

Although malignant disease is looked upon as afflicting middle-aged and elderly persons 
it is not fully realized that comparatively young people may be its unfortunate victims. In 
all countries a certain proportion of young people and children suffer from malignant growths. 
Tumours, such as the retinoblastoma, the neuroblastoma, hasmangio-endothelioma and Ewing’s 
sarcoma, are known to occur in young people. 

Our analysis shows that 120 out of 2,295 malignant growths or 5-2 per cent of the tumours 
occurred in persons under 20 years of age. There were 66 males and 54 females in this group. 

The phenomena connected with growth predominate in this period and neoplasms, which 
take a hold at a time of acceleration of the general growth processes, grow much more rapidly 
than at other periods of life and metastasize more easily. The tumours occurring during this 
period have been studied in respect to their incidence during infancy, childhood, pre-sesual 
and sexual periods. 

Table XVII gives the histological tyjies of the neoplasms occurring at these periods and 
Table X'\TII gives the anatomical site : — 

Table, X^^I. 

Rislologiml classification of the malignant tumours occurring at 
various periods in persons under 20 years. 


Infancy (from birth to 10 months), 8 tumours — 

Hjemangio-endothelioma .. .. .. .,4 

Angiosarcoma , . . . . . . . . . . 1 

Teratoblastoma (kidney) . . . . . . . . 2 

Sarcoma . . . . . . . . . . 1 

Totai . . S 
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Tahlk XXU—co»c1(I. 


Ohihihond (II iiKiiitli'* to S y*-iii.s), 
I’vctiiuililastoiniv 
Snrcoinii . . 

Cnrciiiornii 
Jyj-inplm(K‘iK)imi 
MpiiroMiistotnii 
Mnlignniit eiKlotlipliomn 
LyiniihoMircoina 
JIuligniiiU mclnnomii 
'lVrat(jl)Iii''t(i|iin (kidney) 


H.‘! tiitnniK.M — 


11 

4 

.‘I 

.'1 

O 

*> 

2 

\ 


'I'OTAI. 


Prt -nxunl (!l y('iir-< to lA years), 2!' tiitimtirs — 
Sareoina . . 

< 'arciniinii' 

Lymphadeni'ina 
Ovary: 'reratoinu 1 

l>y.-<gen)iinoiiia 1 
,ArrIietU)l)IaMt()iiia I 
Oranuldsa cell tuniniir 1 
Lyiiipliosareoina 
Lynijilio-epitlielidiiia .. 
Ilieinangid-eiiddtliclidina 
Urnin (glioblastoma) .. 


12 


4 


J 

] 

1 

1 


Total 


2!) 


Uccitdl (1(1 yoar.s to 2(i yeairi), SO tuni«iirs — 
Carcinoma 
iSnreomn . . 

Lympliadcnoma 

lilndothelioma 

Ovary (dy.sgcrmindma) 

Testis : Seminoma 1 .. 

Teratoma I . . 

Nenroblasloma 
Chorion eiiithelioma .. 

Malignant melanoma 




21 

10 

•) 


o 


2 

2 

2 

] 


'.rOTAl. 


50 


Taulk XVIII. 

Anatomical distribution of nudignant tumours in persons 
under 20 years. 


Eye 

Soft tissue (sarcoma) . . . • • • _ 

Female genital organs — ovary 10 ; uterus 3 ; fallopian tubes 2 ; 
Lymphoid tissue 

Skin — carcinoma 9 ; malignant mclanoina 2 . . 

Male genito-urinaiy tract— testis 3 ; adrenals 3 ; kidnej’ 3 
Blood vessels 

Bones (sarcoma and Ewing’s tumour) 

Buccal cavity 
Salivary gland (parotid) 

Breast 

Thyroid 

Fistulas — umbilical 1 ; mastoid 1 . . 

Liver . , , . . . ... 

Brain 

Tonsil (lympho-epithelioma) 


vulva 1 


17 

10 

10 

15 

11 

9 

9 

7 

7 

4 

2 

2 

2 

1 

1 

1 


Total 


120 
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It mil be seen from Tables XVII and XVIII that a particular histological type was 
prevalent at each period ; thus, the most frequent neoplasms observed during infancy were 
the blood-vessel tumoiu’s in childhood, the retinoblastoma, in the pre-sexual period, the 
sarcoma, and in the sexual period, the carcinoma. Of carcinoma 38 cases were noticed 
during this period of life — a significant fact on account of the comparative rarity of this 
tvpe below the age of 20. 

Regionally the eye appeared to be the organ most frequently involved by malignant 
disease in the young. 

Summary and conclusions. 

1. Although the incidence of malignant disease cannot be accurately estimated it appears 

to be sufficiently common in Ceylon to warrant further study. ^ 

2. Out of 10.880 consecutive biopsies 2.295 or 21-3 per cent showed evidence of 
malignant disease. The incidence of malignant tumours in biop.sy material does not differ 
much from that recorded in India. 

3. The primary carcinomata constituted 79-1 per cent of the malignant tumours and arose 
in 31 different sites. A high incidence of carcinoma in biopsy material was noticed in the 
following organs : The generative organs in both sexes (44-2 per cent), the cer^dx and penis 
alone (17-4 and 13-6 per cent respectively), the buccal cavity (15T per cent), skin (13-6 per 
cent) and the breast (9-6 per cent). The gastro-intestinal tract including the liver contributed 
only 3-4 per cent. 

4. The predominating histological type was the squamous-cell carcinoma. 

5. Although, as in other countries, females were seen to be more frequently affected, 
there was not much disparity in the sex incidence on account of the high incidence of cancer 
of the penis. 

6. Our figures regarding racial incidence indicated only that peojjle who were better 
informed of cancer sought hospital treatment at an early stage of the disease and did not wait 
till the carcinoma was inoperable or so obvious that a biopsy was rendered unnecessary. 

7. The maximum incidence of carcinoma in both sexes appeared to be in the ten-year 
age-groups from 45 to 54. which is earlier than occurs in Japan, most European countries and 
the United States of America. The explanation for this is probably to be found in the 
fact that the expectation of life in the population of Ceylon is lower than that of the other 
countries. 

8. Carcinomata occmring at certain primary sites have been discussed more fully. Some 
of the unusual features noticed were : — 

(а) A very high incidence of carcinoma of the cenu’x and penis in biopsy 

material. ^ ^ 

(б) The greater prevalence of certain types of tumours, such as the chorion epithelioma 

and the malignant melanoma, in Ceylon as compared with other countries 

(c) The greater frequency o'f mah'gnant changes found in ovarian cysts, thjuroid and 

prostate glands. 

(d) The tendency for ovarian cancer to occur in women between 25 and 34 years 

(e) The tendency for a large proportion of skin cancers to arise from chronic 

rdcers. 

9. Malignant tumours of connective tissues (the sarcomata), lymphoid tissue and a a 

which, on account of its rarity, has been called ‘ special tumours ’ have been discu'ised S ^ 
mata occurred in younger age-groups than the carcinomata and its incidence was fou 
correspond to that of Western countries and was much lower than that in India T ° ° 

of the lymphoid tissue also occurred in the young. The retinoblastoma was 
nrevalent amongst the rare malignant tumours. ® most 
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10. i\raligiiiiut' tuiiioiir.s in tlio.s'o tindor 20 year.s (if a^ic. wliicli fdrmod j)or cent, 
have l)ccn cli.scu.sscd in re.spcct to (heir incidence durinj' itifancy, childhood, prc-.sc.vual ancl 
sexual pcriod.s. The more ])revalcnt. (yjjas cliaractcri.stic of’ each of these poriach hnvc 
been indicated. The eye appeared (o he wore frequently involved than (he other organs 
in tliis group. 


11. Probable factor.s governing (he cnu.sation of cancer in certain .sitiiation.s liave been 
suggested. Our study has indicated that the c(»ntroIlabIe cai'cinc)genic factor, viz. continued 
irritation, operated on j)artienlar sites such as the cervix, oral cavity, jjcnis and .shin. This 
consideration brings a large i)roj)cu( ion of cancers in Ceylon (.o0-7 per cent of the carcinomata 
in our scries) under the grouj) of j)revent;ible di.seases. 

12. The control of cancer in Ceylon does not apjiear to be so comjdex as in other coun- 
tries, as a large proportion of the carcinomata (.o0-7 per cent in our serie.s) arose in sites. 
\vhich, on account of easy aecc.^sibility, were amenable to either surgical tre.itment or radium 
therapy. The difliculty, however, was the late arrival of cases to jiospitjils as .shown by this 
study. Only 1(51 of the 2,2!).u malignant tumours (7 per cent) could Ijo regarded as early 
malignancy or pre-cancer. 

The results that could be achieved by any form of thera{)eutic procerlure is therefore 
neccs.sarily limited. The general public .should be enlightened regarding the intimate nature 
of the signs and symptoms which may mean cancer. 'I’lie potentiid danger of neglecting a 
vaginal discharge, a sore on the penis, a wound or ulcer on the leg. a carious tooth ora polypus, 
and the rclationshij) that these conditions bear to malignant disease should form a part of the 
educational ])ropaganda in a campaign against cancer. 

13. AVhether a large proj)ortion of sufTerers from maligjiant iliscasc are first seen by 
ayurvedic practitioners is a question which de.serves investigation. "While conducting an 
inquiry of this nature we must not fail to perfect our own organizations. Instruction in the 
early diagnosis of cancer should he an important feature in our medical curriculum and the 
necessary equipment for such diagnosis should be made available to every medical man. 

Our ho.spital case records should be comj)letc and should in every case include the reports 
of hi.stological e.vaminations. As the cllicacy of any therapeutic procedure for malignant 
disease could only be judged by ])eriodic c.xamination of the j)aticnjt. there should be a follow- 
up s)’'stem wlierehy a cancer ])aticnt may be observed for at least. 5 years after treatment. 

These measures involve a great deal of i)erseverance, energy, patience and money. The 
sacrifice, however, will not be too great if we can be satisfied that a real gain has been made 
against a disease which has so stubbornly resisted the continued attack of sanitary science, 
bacteriologjq chemistry, physics and even surgery. 
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Findlay (1924) was the first to use manganese chloride to get a precise knowledge of the 
toxic effects of manganese on animals. Experimenting on rabbits, he noticed enlargement 
of the spleen. Handovsky et al. (1925-26), Hurst and Hurst (1928), Eao (1931), Albot (1931), 
Vandre Schueren (1932) are the other workers as quoted by Moon (1934) who used the same 
drug. They injected the chemical for inducing cirrhosis of the liver and did not make any 
mention about the splenic changes. Menon (1938) used this drug to study the changes in 
the spleen. He f oimd fibrotic and proliferative changes in the spleen and definite splenomegaly 
independent of portal stasis and hepatic cirrhosis. He opined that the changes in the spleen 
resembled those in splenic ansemia. Cameron and de Saram (1939) also noticed splenomegaly 
with pulp hyperplasia in addition to hepatic damage, after administering carbon tetrachloride 
to rats with marsupialized spleens having no portal connection. Changes in the spleen, 
comparable to those seen in Banti’s disease, in the absence of progressive anemia and leuco- 
penia do not help us to understand the pathology of splenic anaemia. So far, none of the 
workers has made any reference to blood and bone-marrow changes. The present investiga- 
tion has been particularly directed to the study of these changes. 

Method and material. — Thirty-five young rabbits of weights varying from 0-8 kg. to 1-6 kg. 
were used for the investigation. Of these nine were kept as control animals. The animals were 
lodged in an airy room in separate cages and given uniform diet. Chemically pure manganese 
chloride dissolved in normal saline in strengths of 0-5 per cent and 1 per cent solution was 
injected intramuscularly at specified intervals. The animals were divided into two batches. 
The first group was injected with 15 mg. to 30 mg. of manganese chloride per kilo body-weight 
every third day, whilst the second group received 8 mg. to 12 mg. on alternate days. A single 
dose of 30 mg. per kilo body-weight proved fatal in one animal, and two others died after 
two injections of 25 mg. each. These animals developed severe diarrhoea before death. A 
few other animals died while receiving the injections due to various causes such as peritonitis, 
chronic diarrhoea and abscess formation at the sites of injection. Findlay [loc. eit.) noticed a 
fall in weight in all his experimental rabbits, with manganese intoxication. Though there was 
an initial fall in weight in our animals, a large number of them gained weight with time. Much 
stress was laid on the high incidence of coccidiosis in rabbits by Moon {loc. cit.) ; but in our 
animals only one showed this infection. The animals which survived the injections were killed 
by cervical dislocation. The tissues were fixed in 10 per cent formol saline and the sections 
were stained by (1) Ehrlich’s hfematoxylin and eosin, (2) "Weigert’s iron hematoxylin and 
van Gieson, (3) Heidenhain’s azan stain, (4) Foot and Menard’s method of silver impregnation 
of reticulum tissue, (5) Sudan III, (6) Perl’s prussian blue stain counterstained with van 
Gieson, and (7) Leishman’s stain for tissues. 

Blood. — Before starting the animals on manganese chloride injections, a preliminary 
comprehensive hematological examination consisting of an erythrocyte count, hemoglobin 
estimation, total and differential leucocjAe counts, platelet count and reticulocyte percentacre 
was done. These examinations were repeated for all the animals including the controls, in the 
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beginning tM’iceM'cclcIy nnd Infer, once in n forfiiiglit, 'rni>lcl shows the nverne:e>s of fin* liroim- 
tological rcjulings for our noruinl ral)l»it.s. Onr lilood normals agree with those of Sabin 
cf (il. (I9.‘5G) and Oraigic (quoted ))y Kohner arid Boerner. ifi.'JH). 'I'lie lymjihoeytcs in the 
rabbit's blood arc as a rule more mnueriuis tluin in the human i)!oof!. ft is diliieiilt todifTeren- 
tiate bof.woou a monoeyfe and a lymj)hoeyle in a rabbit, as the former cell fails to show any 
granules unless stained supravitam. Onr monoe_vte eounts are less than those of Sabin c( al. - 
{loc. cit.) probably since sujiravital staining was not. used. 
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The full record of lutMuatologieai eounts ])erfonned during the period of manganese intoxi- 
cation is omitted to ceonomij'.c space. None of the experimental animals developed any 
appreciable aiucmia at an.v stage. In rabbit Xo. 28. (he red blood cell count shot up from 
5-yS million ter 7-51 million per c.mm,, the luomoglobin contr'nt ineren.scd from 85 per cent to 
98 per cent and the roticulocylcs from O-O per cent to 2-1 per cent. In the rest of the animals, 
the variation in the red blood cell counts was within one million and the liajmoglobin 
percentage witliin 10. Immature forms of erythrocytes were never met^ with in the 
peripheral blood, nor was tlicrc an increase in the reticulocytes to indicate rapid 
regeneration of red blood cells. A moderate degree of Iciicocytosls was seen in a large 
number of animals. Inflammatory reaction of the tissues at the site of injections may be 
responsible for tliis. 


Bone-m(iywn\ — Our study of bone-marrow liacl to be restricted to an examination of the 
material o))tained after the death of the animals, due to difficulty in getting the marrow sub- 
stance during life. Both macroscopic and microscopic studies of the bone-marrow m selected 
bones as femur, tibia, sternum and ribs were made. In the long bones of a normal rabbit the 
red marrow is more marked towards tlie ends, progressively diminishing to^^ar s e cen re, 
where it is fatty, hfo appreciable macroscopic changes in the bone-marrow were noticed m 
twenty of the twenty-six injected animals. Of the six that showed changes m rabbits X os 1, 
12 and 20, there w^as slight increase in the fatty tissue and their peripheral blood showed a 
slight fall in the r.b.c. and Inemoglobin content. In rabbits X os. 4, lo and lb, tire red 
marrow appeared increased, but there were no changes in the blood counts. 

Sections of the bone-marrow stained with hamiatoxylin-eosin and Gieinsa stain provided 
material from which to estimate tlic total amount of limmopoietic tissue. Glister s method ot 
staining was not quite successful in onr hands. As Wentification of the ^ J 

sections was not always easy, stained smears were utilized for differen la conn . . • i 

all cases, these results were in agreement with those observed m the stained sections. ^Minals 
that received repeated large doses of the chemical, showed generalized .congestion of the 
marrow and degenerative changes of a few fixed mesenchymal cells ^ ^ 

stroma. The nuclei of these cells showed karyorrhexis and pyknosis Some of the me^ak 3 
cybes also showed nuclear condensation (Plate 11, figs. 1,2). Scattered all over, were fonM larg 
phagocytic cells containing Inemosiderin pigment. The bone-marrow of animals that teoen ed 
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Plate II, 



Fig. 1 — Oil imuiersion photomicro- 
graph of normal bone marrow stained 
n ith h'ematoxa lin .and eosin 


'•C 



Fig 3 — Low pow er photomicro- 
graph of the spleen of a normal 
rabbit. 
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which has received large toxic doses 
of manganese clilonde Nuclear con- 
densation of megakaryocytes and 
mesenchymal cells is seen. 
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Fig 4. — Low power photomicro- 
graph of the spleen of a rabbit which 
has received repeated large toxic doses 



Fig 5 — Medium pow er photomicro- 
graph of the same section as m fig 4 
to shoa the extent of damage in the 
Malpighian bodies and the splenic 
pulp 


Fig. 6 — Oil-immersion photomicro- 
graph of the splenic pulp of a rabbit 
which has received repeated large 
toxic doses. Shows pulp cell damage 
and obliteration of sinusoidal spaces 
due to swollen Billroth cords 




sniflll doses did not sliow nny notewortliy clitinge. In a fe'\^ enses, tlie innrroM^ appeared to 
be more cellular, simaesting a hyperplastic reaction but the differential counts were unchanged. 
Even in the case of rabbit No. 28 which had received 966 mg. of manganese chloride and in which 
the peripheral blood showed increase in the erythrocytes, the bone-marrow appeared perfectly 
normal. The quantity and distribution of fatty marrow appeared unaltered. Sections treated 
with Eoot and IMenard’s method of silver impregnation and Heidenhain’s stain failed to 
show any gross increase in the reticulum or connective tissue fibres. In rabbit N o, 4, which 
received 1,010 m". of manganese chloride, an increased amount of connective tissue was found 
both in the.walls^of the blood vessels and sinusoids, but much importance cannot be attached 
to the above findings as other animals that received equally heavy doses failed to show similar 
chanties. Hfemosiderin pigment in bone-marrow sections was seen weU when stained with 
Perl’s Prussian blue and counterstained with van Gieson. Even the normal bone-marrow 
contained a fairly large amount of this pigment and there was no appreciable change in the 
bone-marrow- of animals subjected to manganese intoxication. 

Differential counts of the cells of the hone-mar roto . — As stated by Sabin and her co-workers 
[loc. cii.) the bone-marrow cell counts cannot be as accurate as blood counts, since the cells are 
not always spread evenly and only select fields can be utilized. A minimum of 500 cells were 
counted in each case. We followed the classification of Young and Osgood (1935) recommended 
by YTiitby and Britton (1937) with a slight modification. We did not count erythroblasts 
separately as done by Young and Osgood, but included them with megaloblasts. Most of the 
rabbits used for our experimental work were above two months in age, and the average of the 
counts of our control animals agreed in essentials with those of Sabin and her co-workers. An 
examination of Table II shows that the differential counts of the bone-marrow in injected 
animals did not in any way differ from the normals in control animals, apart from some minor 
variations which are bound to occur. The findings in four animals, viz. 10, 18 in group I, 
and 19, 35 in group II, are omitted as early post-mortem decomposition prevented a reliable 
study. Our lymphocyte counts are slightly higher than those given by Sabin and her 
co-workers {loc. cit.). The normal ratio between the erytliroid and the myeloid series of 
cells was unaltered. 

Study of spleen . — After the removal of the spleen, it was weighed and the size measured. 
The weight of normal spleens in control animals varied between 0-3 g. and 0-4 g. per kilo 
body-weight, except in rabbit No. 13, in which it was 0-63 g. The average weight for 
our normal animals worked out at 0-35 g. per kilo body-weight, which is less than that 
of Krumbhaar. 

Group I : Repeated large doses.— -Eighteen rabbits were given large doses (15 mg. to 30 mg. 
per kilo bodv-weight) of manganese chloride of 1 per cent strength. Of these, one animal 
(rabbit No. 18) was found at post-mortem, infected with coccidiosis. In the majority of 
animals, there was a moderate increase in the weight of the spleen, but it was not uniform. The 
capsule and trabeculse showed an increased amount of connective tissue. The Malpighian 
follicles were atrophic with irregular margins. _ The germ centres were absent and the lympho- 
cytes of the folhcles were compact, with deep staining miclei. Nuclear changes like karyorrhexis 
and pyknosis were noticed in some of the cells, chiefly in the peripheral zone of the Malpighian 
follicles. In some cases all that was left behind, was the central artery with a few scattered 
lymphocytes in its neighbourhood (Plate II, figs. 3, 4, 5). Often, the endothelium of the vessels 
was swollen with narrowing of the lumen. In markedly congested spleens (rabbits Nos. 15, 16, 
27, 28, 29 and 33) the peripheral zone of the Malpighian follicle showed erj'throcytic infiltration. 
Early fibroblastic reaction was noticed near the marginal zone of the Malpighian follicles. 
This was found to extend along the branches of the central artery, some of which curve round 
the periphery of the follicles, and the terminal penicillar arteries that ultimately merge into the 
splenic pulp. Degenerative - changes were also seen in the pidp syncytium. The Billroth 
cords were swollen, encroaching on the sinusoidal spaces. The swollen pulp cells showed either 
granular degeneration or coagulative necrosis of their cj’toplasm (Plate II, fig. 6). Some of 
them contained large droplets of fat. The nuclei of a few of these cells showed degenerative 
changes similar to those seen in the marginal zone of the Malpighian follicles. These changes 
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Bone-marrow ; mean values of differential counts in each fjroup. 
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were not limited to the vicinity of the Jlalpighian follicles, but spread diffusely into the pulp 
syncytium. The reticulum cells lining the sinusoids were intact, with a few of them protruding 
prominently into the lumen, due to their swollen condition. Large macrophage cells contain- 
ing hajmosiderin pigment and occasional!}’' entire erythrocytes were seen both in the pulp mesh 
and the sinusoidal spaces. Haemorrhages were rare. Siderotic nodules were never met with. 
Eabbit Ho. 14 which died after a single injection of 30 mg. showed similar changes. There was 
no fibroblastic reaction, but it is easy to understand, as there was no time for recovery. As 
rabbit Ho. 24 developed severe diarrhoea after 3 injections, further injections were suspended 
and the animal was allowed to recover. Later, when the animal was killed, the spleen 
presented a normal appearance, but for a moderate increase in fibrous tissue indicative of 
preliminary damage. Eabbits Hos. 12, 28 and 29 failed to show the changes associated with 
this group. In rabbit Ho. 12, the appearance of the spleen was normal, while in rabbits Hos. 28 
and 29, the splenic tissue showed hyperplastic changes similar to those seen in the later stages 
of group II. 

In a few experimental animals an increase of argentophilic fibres was found in 
the Malpighian follicles and sinusoidal walls, while in others there was no appreciable 
change. 

PerTs Prussian blue stain counterstained with van Gieson helped to identify and localize 
the htemosiderin pigment. A large amount of this pigment is always found in the spleen of a 
normal rabbit. There was no evidence of increase in the haemosiderin content in the spleens 
of experimental animals. 

Group II : Repeated small doses . — ^Eight rabbits received 8 mg. to 12 mg. each of 
manganese chloride per kilo body -weight for a period of 18 to 283 days. Only in one case 
the spleen had enlarged to one and a half times the normal size and weight. In the rest, 
there was no appreciable change even though one of them received on the whole 1,010 mg. 
in 283 .days (Table III). 

Jlicroscopic changes in the spleens of rabbits which died early were of degenerative nature, 
similar to those seen in group I. In the rest, that surmved longer, the splenic capsule was 
thickened and the trabeculae prominent. The trabecular vessels and the central arteries of 
the Malpighian follicles showed moderate intimal thickening with narrowing of the lumen. 
There was hyperplasia of the Jialpighian follicles with slight increase of connective tissue in 
the vicinity of the marginal zone. 

From this, we are to conclude that the early degeneration of splenic parenchyma 
is followed by proliferation and regeneration. The spleen emdently gets used to the 

toxin when administered in small doses and the damage done in the early stages is 

repaired. 

Study of the liver . — We have studied in detail the changes in the liver of the different batches 
of animals. Our main findings are in conformity with those recorded by previous workers. 
Briefly, the changes are (1) animals that died after a single large dose of the drug showed 
extensive fatty degeneration and necrosis of the liver cells ; (2) animals that were injected 
with large toxic doses and killed at interi-als, showed both degenerative and proliferative 
changes. There was fatty degeneration of the liver cells at the periphery of the lobule 
extending from -Jrd to frds its thickness. In a few cases it was more extensive and not 

localized to any particular zone. Hecrotic changes were also in evidence. In animals 

that were killed after several injections, there was unmistakable evidence of regeneration of 
the parenchyma cells. Most of the lobules were surrounded by an abundant newly formed 
tissue, rich in collagen fibres and innumerable proliferating bile capillaries. The biliary 
epithelium of some of these vessels was thrown into folds. In places, the newly formed 
fibrous tissue was found to penetrate the liver lobules. The portal vein radicles were 
dilated. The entire picture was suggestive of monolobular cirrhosis of biliary type. Eabbits 
Hos. 12, 28 and 29, belonging to this group, failed to show any change and it is interesting 
to note the same animals were negative for any splenic changes. 
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Grnvp JJ : Rcpralrd small doses . — Animals killed after a few injeci ions showed eliangcs in 
tlie liver similar to those described in gronj) ], bnf in those that, survived long, the"’ liver 
was free from frank cirrhotic changes. Evidently the animal gels used to"’ the drug, 
when given in small doses and the early flamage is repaired bevond recognition. 
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Discussion. 

A detailed study of the degenerative changes in the liver and spleen of rabbits after ad- 
ministering manganese chloride has been made by various workers. The chief finding was 
initial toxic necrosis, followed by regenerative and fibrotic changes. The splenic changes' were 
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coincident with the liver damage, the toxin being brought simultaneously to both the organs 
through the blood stream. Splenomegaly with fibrosis, observed^ in animals subjected to 
prolonged intoxication, has resemblance to human spleen in Banti’s disease (Menon, loo. cit.). 
Similar changes are reported to be present in Bengal splenomegaly described by De (1932) ; 
but this condition is almost always associated with an irregular fever. We have made, in 
addition, a thorough study of blood and bone-marrow changes. The mesenchymal cells of the 
bone-marrow showed varying degrees of toxic necrosis, but the blood picture and blood counts 
were unaltered. From this, we have to presume that the unaffected portion of the bone- 
marrow is capable of meeting the normal requirements. There was no evidence of increase 
in the argentophilic reticulum or collagen fibres in the marrow of animals to which 
repeated small doses of the chemical were given. On reviewing the changes in the liver, 
spleen and bone-marrow, the liver seems to suffer most and the spleen and bone-marrow 
to a lesser extent, as judged by ordinary histological criteria. This is but natural, as 
the liver has the additional function of de-toxication. This experiment may also help to 
explain why ansemia does not set in early in human beings, in various toxic conditions 
where the liver, kidneys and spleen show extensive degenerative changes. The bone- 
marrow seems to be more stable and have reserves to circumvent the damage wrought 
by various toxins. For this experiment to be more complete, the animals have to 
be kept under observation for longer periods, some continuing to receive the toxin and 
others after cessation of the injections. The possibility of the onset of anffimia under 
these circumstances has to be borne in mind. 

The utility of this experiment, in understanding the pathogenesis of Banti’s disease, may 
also be considered. If Banti’s syndrome is accepted as a chnical entity, it is preceded by spleno- 
megaly and non-hsemolytic aneemia. Of the very many theories that have been suggested from 
time to time, two deserve consideration, the first being that the splenic changes are primary, 
the aetiological factor being shrouded in mystery. The spleen is said to have a regulatory 
influence on the bone-marrow and also to prolong the life of the red blood cells. Loss of such 
an influence might result in anaemia. Pearce et al. (1918) found that artiflcially induced anaemia 
in splenectomized dogs was of greater severity and ran a longer course than in control animals. 
They attributed this to failure of blood regeneration in the absence of the spleen. Later, 
Gordon and Kleinberg (1937) experimenting on guinea-pigs have shown that the response of 
the erythropoietic system is the same in splenectomized and control animals. So, the view that 
the spleen exerts an influence on the activity of the erythropoietic system does not appear to be 
substantiated. The second view is that a common toxin acts on the spleen producing spleno- 
megaly, and on the bone-marrow resulting in ansemia. The cirrhosis in the liver may be the 
result of the same toxin or a secondary product of the diseased spleen reaching the liver 
through the portal circulation. 

Babbits, injected with small doses of manganese chloride over prolonged periods, develop 
cirrhosis of the liver and splenomegaly with a histological picture identical with that seen 
in splenic ansemia. Since ansemia was not noticed at any stage of our experiment the 
probability of a common toxin of the nature of manganese chloride in the setiology of 
Banti’s disease may reasonably be excluded. 

Conclusions. 

1. A detailed study of blood and bone-marrow changes in rabbits has been made after 
administering repeated small doses of manganese chloride. 

2. In addition to degenerative changes in the liver and spleen, toxic necrosis of the bone- 
marrow cells was observed, but of a lesser degree. 

3. The haemoglobin content of the blood and the peripheral blood cell counts were 
found unaltered, in spite of the damage to the bone-marrow and fibrotic changes in the 
spleen. 

4. Separative fibrotic changes seen in the liver and the spleen were not in e\udence 
in the bone-marrow. 
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5. Experiincufcal iiuluction in riib})itH, of a olininai condition siniilnr to IJanti’s syndrome, 
with a toxic substance of the nature of manganese cliloride is not possible, since onlylicpatic 
cirrhosis and fibrotic splenomegaly without nnfctnia were produced. 
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THE BLOOD PICTURE OF THE NORMAL MONKEY. 
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C. R. DAS GUPTA, m.b. (Cal.), d.t.m. 

{From the Hcematological Unit, Indian Research Fund Association, School of Tropical 

Medicine, Calcutta.) 

[Received for publication, February 2, 1944.] 

During the course of certain experimental studies on anaemia in rhesus monkeys in this 
laboratory, the lack of reliable normal standards for these animals with which to compare 
experimental findings w^as soon felt. A search of the literature revealed fetv references to the 
subject but even these few references were incomplete and inadequate, either on account of 
the technique employed, or the limited number of animals used, or both. J\Iost workers, 
including Wills andBilimoria (1932), who have done experimental work on aniemia on monkeys 
in India, have been content with the estimation of haemoglobin and the enumeration of red 
and white cells from the capillary blood of th^ animals and until recently, when Rao and Rao 
(1940) published their findings, no references, so far as we could trace, were made to the 
estimation of the mean corpuscular volume, mean corpuscular haemoglobin and the mean 
corpuscular hemoglobin concentration which are essential to the determination of the tjqpe 
of anemia. Rao and Rao’s work, however, was confined to sinicus monkeys and was done 
at an altitude of 6,000 ft. above sea-level in Coonoor, South India, on a series none too large 
for the purpose. There is thus need for collecting further data on the subject, especially with 
reference to rhesus monkeys under conditions in which they are generally used for experiments 
on the plains. 

Animals. — ^Fifty-nine rhesus monkeys, weighing from 6 lb. to 14 lb., were used in this 
study. The exact age of the animals could not be ascertained as they were all wdld-caught 
but none of them appeared very young or very old.- The animals were housed in indiMdual 
cages, and were fed on a diet of grams, fruits and greens, which had been found, from past 
experience, to be suitable for the maintenance of perfect health. 

Collection of blood . — All the examinations were made with venous blood which was 
drawn with a dry syringe from a posterior leg vein. The blood was collected ^n specially 
prepared flasks containing a known amount of a mixture of ammonium and potassium 
oxalates. 

Technique . — The samples of blood were examined according to the technique described 
by Napier and Das Gupta (1942). 

Each sample of blood was examined for haemoglobin, total red cells, cell volume and 
reticulocytes and in each case the mean corpuscular volume (MCV), the mean corpuscular 
haemoglobin (MCH) and the mean corpuscular hemoglobin concentration (JICHC) were 
calculated from the first three data. In all, a total of 245 such examinations were made on 
59 monkeys; in 11 monkeys, only oi^ blood-count per animal was done but the remainin» 
48 were repeatedly examined, usually;at w,eekly irderyals, fpr periods var^ng from onp TnnnfB 
to eleven months. 



Histoguams. 

Results of 245 blood examinations oyi 59 normal monkeys. 
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* Values calculated from the available mean data. 


Totnl reticiilooylc rnunts wore done 150 times on 50 monkeys while dilTerential Inncnevtc 
counts were done on :i‘l monkeys, once on eiieli nnimnk I'lie van den Ber/,'}i test was done 
in a mnnbor of eases and was found to he below 0-2 mt;. j)er cent in all eases. 


Jtcxulls . — The results of the difl'erent luematolofiieal values arc expressed in the Tlisiof'rams 
and in the Table, ''(’he results obtained by Sliukers (i al. (ItftS) in M. mnhiHn and by Kao 
and Kao [ho. cit.) in lif. (- -•S'.) siniots in the (w<i jrroups of monkeys A and K are also given in 
the Table. Tt may be pointed out. here that the animals in group A of Kao and Kao were 
kept at an altitude of O.ddO ft. for over a year, while the other group had only recently been 
brought to the hills from the ])lains. 

Cononen/.— The hamiatologioal values obtained by us in rhrsiis monkeys are almost 
identical with the values obtained by Shukers ct al {lar. rit.) in M. wuhtfu/ excepting the 
dilTerential counts of the leucoevtcs. 


Comparing our values in rhexvs monkeys with those in the two groujis of sivicus mon'keys 
obtained by Kao and Kao {Inc. cil). we find that the hamioglobin values of both their groups, 
the red cell count of group B and the eorjmscular volume of group A. are almost of the same 
order as ours, but the rcdyccll count of their group A and the corpuscular volume of their group 
B are inimli liigher than tho.se obtained by ms in r^irsu.v. The.se ditTercncc.s are reflected on the 
corpuscular values, namely, mean corpu.scular volume, mean corpuseular haemoglobin and 
mean eorpn.scular luomoglobin concentration. Kao and Kao themselves found a significant 
difference in the red cell counts in the two groups of monkeys A and B belopging to the same 
species but this difTcrcnce was jirobaiily due to the long residence of group A monkeys at a 
high altitude. Comparing statistically, a significant difference is observed between the red 
cell counts of our group of monkeys and of group A monkeys of Kao and Kao, which difference 
is probably due also to the long residence of grou]) A monkeys at a high altitude. Unfor- 
tunately. these workers do not mention the number of observations on which their data 
regarding corpuscular volume and mean corpu.scular values arc based and thus it is not 
possible to say whether the difference between the values obtained by us on rhesus monkeys 
in the plains, and those obtained by Kao and Ifao in .sinicus monkeys at a high altitude, 
is significant. .■ 

The mean value for the total leucocyte count obtained by us in rhesus monkeys is 
slightly lower than the mean value obtained by Kao and Kao. but a very great difference is 
seen in the difi'erential leucocyte counts in the two scries, the lymphocyte count being almost 
twice as high as the ncu( roj)hil count in the A grouj) of monkeys examined by Kao and Kao, 
while lymphocytes and neutrophils ai)pcar in about equal numbers in our series. 


Summary. 

The hfematological findings based on a large number of observations in 59 <5. (=M.) 
rhesus monkeys are given. A comparison is made with similar findings in M. mulatto, and 
M. sinicus. 
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The estimation of stature from measurements of the long bones is considered notoriously 
inexact, the error being anything up to five inches (Humphrey, quoted by Modi, 1936). Some 
British jurists would appear to be reluctant to regard this method of estimation of stature as 
anything more than mere guesswork (Dixon Mann, quoted by Nat, 1931). Others insist on 
the measurement of at least half the skeleton for reliable results (Glaister, quoted by Nat, 
loc. cit.). 

' V 

In India, Pan (1924) at Calcutta measured the long bones of 142 bodies of Bengali Hindus 
(males and females), and determined the length of each long bone relative to the ' stature. 
Later, Nat (loc. cit.) at Lucknow published results of similar estimations based on the examina- 
tion of long bones of 50 residents of the United Provinces. The results obtained from the 
residents of one province are not necessarily applicable to those of another. This is especially 
true in the case of Punjabis in whom many factors, natural and artificial, have tended to 
produce a type different in stature and body-build from other Indians. The present investiga- 
tion was undertaken to provide records of the length of the long bones relative to body-height 
of Punjabis. The results obtained promise to be of medico-legal interest, and should be of 
assistance to ‘medical jurists working in the Punjab. 

Unclaimed adult male bodies which had been obtained for dissection purposes in the 
Anatomy Department of the King Edward hledical College, Lahore, were used in this investiga- 
tion. Each bone measured was identified as belonging to a body the stature of which had 
been previously measured. Diseased bones were rejected. The measuring instruments used 
were Broca’s osteometric board. Flower’s callipers and the slide compass ("Wilder, 1920). All 
the bones examined were fresh, so that the articular cartilages were always intact. 

In all, bones from 110 upper and 110 lower extremities were examined. The results 
obtained are set out below ; — 

The length of each bone relative to body-height has been expressed by a ‘ hlultiplication 
Factor ’ determined by dividing -the average height of the 110 bodies examined (1,636 mm ) 
by the average length of the long bone in question. 

Humerus. — Measurements taken between the lower edge of the trochlea and the highest 
point of the head of the bone. Average length 321 mm. (longest 352 mm., shortest 226 mm ) 
The number by which the length of the bone is to be multiplied to get the staturejMultiplica- 
tion Factor or M.F.) is 5-0, which is got by^yiding the average stature (1,636-0 mm.) by the 
average length of the humerus (321 mm.). ‘ 

Radius. — ^Measurements taken : between the highest point on the margin of the head and 
the lowest point on the styloid process. 

Average length = 250 mm. (longest 295 mm., shortest 218 mm.). Multiplication Factor 
= 6-5. ' ' 


Ulna . — ^Measurements taken : between the highest point on the 
of the styloid process. 


olecranon and the tip 
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Average lengdi == 200 mtn. (loiigesf, 0I8-0 nun., .sliorfoaf, 2.30-r) nun.). iArtiKinlication 
Faclor = G-0. ' 

Femur . — ]\rensurcmen(s (ulccn : the nofual (aiul not flic apparcnf) Icngfh. 

Average length = 4 -15 nun, (longest, 522 nun., .sliorfc.sf. ;}05-.5 nun.). Multinlicntion 
Factor = 3-0. ' 

2V^u‘u.— Mcasurenicnts taken: between the tip of the rnoflial nmlleolns and tlic Iii")ie.st 
point of tlic intercondylar eminence. 

Average length = 385 nun. (Jongc.sf 40J nun., .shortest 335 mm.). :)rnltinIication 

Factor = 4-2. 

Fibula. — Dlcasurenicnt.s taken: between the higlie.sf jaiint on the liead, and the lowest 
])oint on tlie lateral malleoln.s. 

Average length = 373 nun. (longe.st 453 mm., .shortest 324 mm.), ilfultiplication 

Factor = 4*4. 

The ditTcrence between the publi.sliod ^ruUiplicat ion Factor.s for Europeans and Indians 
of various jirovinccs is sliown in 'J’alde I ; — 

T.mu.i: I. 


0 / ultipliradou factors. 


Country. 

IfunK'ni-.. 

J'adiiH. 

rina. 

I'finur. 

Til)ia, 

ril)ula. 

Kuropu (Iliiinplirey, 

.V) 

7 


:i'l5 

4 


Intliii, C'.nlcuttn (Pan, 1021) 


t',‘7 

ti 

:t-s 

4-4 

4-4 

-= Lucknow (Nat, 1031) 


I!-!) 

t;-:i 

.■{•7 

4-4S 

4-4 

L'lltorc! (pri'senl autlior.<, IDl.'l) .“i 

U'.-J 

(! 


4'2 

4-1 

The accuracy of the above Multiplication Factors in estimating the stature by measuring 


one single long bone of a Punjabi was tested on a .series of hones obtained from 20 upper and 
20 lower extremities from bodies the stature of which had been previously measured. These 
long bones were measured, and the stature estimated witli the help of the above Multiplica- 
tion Factors. The difl'erence between the estimated and the actual stature is given in 
Tables II and III. The average error for the humerus works out to be 30 mm., for the 
radius 21 mm . ; ulna 26 mm. ; femur 23 mm. ; tibia 2] nun. ; and fibula 25 mm. It is clear, 
therefore, that in estimating the stature of an individual from a single long bone the 
error in no case is more than 30 mm. or H". Taking other sources of error into consi- 
deration it can be safely stated that the stature can be estimated from the measurement 
of a single long bone' to within an error of IV at the most. The average height of a 
Punjabi being 1,636 mm., this error is just over 2 per cent. 


Table II. 


Serial 

number. 

Real 
stature 
in mm. 

Length of 
humerus 
in mm. 

Estimated 

stature. 

Error. 

Length of 
radius. 

Estimated 

stature. 

Error. 

Length of 
ulna. 

Estimated 

stature. 

Error. 

1 

1,487 

297 

1,485 

2 

226 

1,469 

18 

248 

1,488 

1 

2 

1,600 

284 

1,420 

so 

2:« 

1,514 

14 

249 

1,494 

6 

3 

1,500 

286 

1,4.30 

' 70 

231 

1,501 

1 

240 

1.440 

60 

4 

1,600 

324 

1,622 

22 

250 

1,625 

25 

266 

1,696 

4 
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Table II — concld. 



Real 
stature 
in mm. 

Length of 
humerus 
in mm. 

Estimated 

stature. 

Error. 

Length of Estimated 
radius. stature. 

Error. 

Length of Estimated 
ulna. stature. 

Error. 

' 5 

1,600 

320 

1,600 

0 

. 241-5 

1,569 

31 

266-5 

1,599 

1 

6 

1,613 

324 

1,620 

7 

255 

1,657 

44 

276 

1,650 

37 

7 

1,612-5 

325 

1,625 

iJ:-l 

247-5 

1,608-6 


264-5 

1,587^ _ 


S 

1,622 

330 

1,050 

28 

252 

1,638 

16 

-262 

1,572 

50 

9 

1,625 

319 

1,595 

30 

250*5 

1,025 

0 

^ 273-5 

1,641-0 

16 

10 

1,625 

327 

1,635 

10 

255 

1,657 

32 

277 

1,622 

3 

11 

1,625 

338 

1,690 

35 

254 

1,651 

26 

277 

1,662 

37 

12 

1,637 

315 

1,575 

62 

. 247 

1,605 

32 

262 

1,572 

65 

13 

1,637 

3-20 

1,600 

37 

259 

1,683 

46 

280 

^1,680 

43 

14 

1,637 

325 

1,625 

12 

249 

1,618 

19 

209 

1,614 

23 

15 

1,637-5 

320 

1,600 

37-5 

252-5 

1,641 

35 

272 

1,632 

5'5 

16 

1,675 

324 

1,620 

55 

255 

1,657 

18 

275 

1,650 

2o 

17 

1,675 

349 

1,705 

30 

259 

1,683 

8 

274-5 

1,647 

28- 

18 

1,737 

337 

1,685 

22 

261 

1,696 

41 

280 

1,680 

61 

19 

1,675 

335-5 

1,677-5 

2-5 

256-5 

1,667 

8 

276-6 

1,659 

16 

20 

1,687-5 

330 

1,650 

37-5 

254 

1,661 

36-5 

279 

1,674 

13-5 


Table III. 

— 

•5 .2 

S-i 

c ^ 
M S3 

s: 

Real 
stature 
in mm. 

Length 
of femur 
in mm. 

Estimated 

stature. 

Error. 

Length 
of tibia. 

Estimated 

stature. 

Error. 

Length 
of fibula. 

Estimated 

stature. 

Error. 

1 

I,i500 

412-5 

1,485 

15 

351 

1,499 ' 

1 

345 

1,518 

IS 

2 

1,500' 

417 

1,501 

1 

360 

1,512 

12 

350 

1,540 

40 

3 

1,512-5 

410 

1,512 

36 

371 

1,558 

46 

355 

1,562 

50 

4 

1,525 

416 

1,491 

28 

364 

1,528 

3 

360 

1,584' 

59 

5 

1,525 

427 

1,537 

12 

359 

1,507 

18 

340 

1,496 

29 

6 

1,600 

447 

1,009 

9 

367 

1,541 

59 

363 

1,597 

3 

7 

1,600 

441 

1,587 

13 

380 

1,596 

4 

361-5 

1,590 

10 

8 

1,612 

451 

1,023 

11 

390 

1,638 

26 

372 

1,636 

24- 

9 

1,625 

453 

1,630 

5 

387 

1,625 

0 

363 

1,-597 

28 

10 

1,637 

450 

1,620 

17 

398 

1,671 

34 

382 

1,680 

-43 

11 

1 , 637-5 

463 

1,668 

31 

38(r 

1,596 

41 

361 

1,590 

47 

12 

1,650 

456 

1,641 

6 

384 

1,612 

38 

371 

1,6.32 

18 

13 

1,650 

451 

1,623 

27 

397 

1,667 

17 

378 

1,603 

13 

14 

1,675 

457 

1,645 

30 

397 

1,667 

S 

.382 

1,680 

5 

15 

1,675 

455 

1,638 

37 

393 

1,650 

25 

378 

1,503 

12 

16 

1,700 

469 

1,652 

48 

403 

1,692 

8 

389 

1,720 

20 

17 

1,700 

463-5 

1,668 

32 

402 

1,688 

12 

387 

1,702 ' 

2 

IS 

1,735 

492 

1,771 

36 

407 

1,709 

20 

397 

1,746 

11 

19 

1,725 

473 

],72S 

3 

419 

1,759 

34 

398 

1,751 

■ 2 r, 


1,737 

494 

1,778 

41 

411 

1,762 

25 

398 

1,751 

14 
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From our above observations a cliart (Table IV) has been prepared (o serve as a ready 
reckoner for medico-Icgal work in the Punjab:— 


Taulk IV. 


Poet. 

IIinoiiT 

IN 

nun. 

Hunu'ru'i. 

l.KNfiTH OJ nONE.S 

UluHlU. riiiu. 

J.V .Mn.EIMKTRE.s-. 

Femur. 'I'iliiii. 

Fibula. 

4'-0' 


1.20(1 

210 

isi-c 

•200 

33.3-,3 

285-7 


4'-r 

. . 

1.22.5 

215 

I. 88-4 

201-1 

310-2 

291-7 

278-4 

4'— 2' 

. . 

J.2.")(i 

250 

192-3 

20S-3 

317-2 

297-6 

281-0 

4 

. . 

1.275 

25.7 

1961 

212-5 

351-1- 

.30.3-5 

289-9 

4'-r 

• . 

1.300 

260 

200 

216-6 

361-1 

309-5 

295-4 

4 “O 

. . 

1.32.') 

265 

203-8 

220-8 

.368-0 

315-4 

301-1 

4'-n'' 

. . 

1.3.')0 

270 

2(t7-6 

225 


321-4 

.306-8 

4 '-7" 

. 

1.37.') 

275 

21 1-,'. 

229-1 

.381-9 

327-3 

,312-5 

4'-S' 


i.ion 

280 

21.'):i 

23:i-;i 

,3,88-8 

' 33.3-;i 

.318-1 

4'-9' 

« . 

1,42.7 

2S5 

219-2 

2.37-5 

.39,7-8 

3.39-2 

.32.3-8 

4'-10' 

. • 

1,450 

290 

223 

211-6 

402-7 

.315-2 

329-5 

4'-ir 


1,47.') 

295 

22(i-9 

215-8 

409-7 

351-1 

335-2 



I, .700 

30(1 

230-7 

250 

416-6 • 

357-1 

.340-9 

rz-r 

• • 

1,.72.7 

30.7 

231-6 

2.71-1 

42.3-(i 

.363 

.340-.5 

5 '-2' 

• . 

1.5.70 

310 

2.38-4 

2.7S-3 

430-5 

.369 

352-2 

o'-S' 


1,57.7 

31.7 

242-3 

202-5 

4.37-5 

€i7i> 

357-9 

S'-4'' 


1,(100 

320 

216-1 

2(i6-6 

414-4 

.380-9 

.363-6 

G'-3' 

, , 

1,625 

.•!25 

250 

270-8 

451-4 

.386-9 

.369-3 


, , 

1,6.70 

330 

2.73-8 

27.7-0 

458-3 

392-8 

.375 

S'-T" 


1,67.7 


2.77-G 

279-1 

465-3 

.398-8 

3S0-6 

.G'-S" 


1,700 

310 

261 -.7 

2.8,3 -.3 

472-2 

401-7 

,380-3 


, , 

1,725 

.3 15 

26.7-3 

287-5 

479-2 

410-7 

,392 

G'-IO' 


1,7.70 

35(» 

269-2 

291-6 

486-1 

410-6 

397-7 

6'-ir 


1,77.7 


27.3 

295-8 

49.3-1 

422-6 

403-.t 

G'-O' 


1,800 

3li0 

276-9 

300 

.700 

428-5 

409-0 

G'-l' 


1.82.7 

.•t(i5 

2.80-7 

.301-1 

.707-0 

4.34-5 

414-7 

G'-2’ 


1,8.70 

370 

281-4 

.308-3 

51.3-8 

440-4 

420-4 

(i'-;r 


1,87.7 

ii7r» 

288-4 

31-2-5 

520-8 

446-4 

420-1 

G'-i" 


1.90(1 

3S0 

292-3 

.316-6 

527-7 

452-3 

431-8 

(i'-.r 


1,925 


296-1 

.320-8 

,7.31-7 

45S-3 

437-5 

C,'-G" 

• • 

1,950 

390 

:I00 32.7 

•k 

541-6 

4()4-2 

443-1 


Summary. 


Figures to estimate stature from measurement of a single long bone in Punjabis have 
been worked out after examining the bones from 220 extremities. It is concluded that the 
stature can be estimated with the help of these figures to within an error of 1.1 at the most, 
an error which is just over 2 per cent. A chart to serve as a ready reckoner of heights from 
the measurements of individual long bones has been prepared for use by medico-legal officers 
in the Punjab. 
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Cases of riboflavin deficiency bave been reported from America. In India, cases have 
been reported from Madras and it was thought that this deficiency might be prevalent in 
Bengal. The present investigation was undertaken to ascertain whether this deficiency -was 
prevalent in Bengal and, if so, to determine its importance in the setiology of eye diseases. 

Sebrell (1940) reported that Soler in 1791, and Rampoldi in 1886, had stated that in- 
flammation of the cornea, corneal ulcers and opacities occur in cases of pellagra. 

During the last 15 years, experimental work on riboflavin deficiency has shown that the 
following occur : — 

(а) Alopecia of the eyelashes and eyelids, excess of secretion from the conjunctiva, 

lacrimation, ptosis, ophthalmia (Goldberger and Lillie, 1926 ; Chick and Eoscoe, 
1927 ; Salmons, Hayes and Guerrant, 1928 ; Sherman and Sandel, 1931 ; 
Thacher, Sure and Walker, 1931). ° 

(б) Opaque eyeballs, anterior interstitial keratitis, superficial keratitis, keratitis and 

vascularization of the cornea (Salmons, Hayes and Guerrant, loc. cit. ; Thacher, 
Sure and Walker, loc. cit. ; Bourne and Pyke. 1935 : Eckardt and Johnson, 
1939 ; Day, Darby and Langston, 1937 ; Bessey and Wolbach, 1939). 

(c) Cataract (Thacher. Sure and Walker, loc. cit. ; Bourne and Pyke, loc. cit.; Day, 
Darby and Langston, loc. cit.; Sen, Das and Guha, 1935). 

The majority of investigators have reported that the incidence of cataract is less than 
that of other ocular manifestations. 

Sebrell and Butler (1939) reported that a diet deficient in riboflavin produces a syndrome 
in which lesions of the lips (cheilosis) accompanied by a greasy dermatitis around the naso- 
labial folds were the chief signs. Dermatitis around the eyes and ears was also observed in 
some cases. These signs disappear with the administration of riboflavin. Sydenstricker. 
Geeslin, Templeton and Weaver (1939) observed congestion of the sclera with a small amount 
of serous exudate from the conjunctiva, and photophobia. They made no reference to 
keratitis and vascularization of the cornea..^ Pock-Steen (1939) stated that reduced visual 
acuity in twilight, mydriasis, conjunctival irritation, keratitis and disturbances of accommoda- 
tion occurred in some of his patients. He attributed these eye conditions partly to riboflavin 
deficiency and partly to ‘ histamine toxicosis '. The ‘ twibght blindness ’ differed from night- 
blindness as it improved by the administration of riboflavin and not by vitamin A 
He reported that out of 109 patients treated by him. 67 improved after only one milligram 
of riboflavin given parenterally. Kruse, Sydenstricker, Sebrell and Cleckley (1940, 1940a) 
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Table I. 



dystrophy. 


investigated 9 cases of clinical ' ariboflavinosis All of these cases bad cheilosis, 8 had 
glossitis and 3 had seborrhoeic accumulations at the naso-labial folds. The complaints of 
these patients varied from an itching, burning sensation of the eyes, to mild or even severe 
photophobia accompanied by dimness of vision in inadequate light, and even to partial blind- 
ness. Injection of the conjunctiva . of the lids and in the fornix vras noted by them. 
Congestion of the bulbar conjunctiva ^Yith marked circumcorneal injection and gross opacities 
in the cornea were noted in 5 out of 9 cases. These corneal lesions did not respond to nicotinic 
acid, thiamine, vitamin C or vitamin A, but the administration of riboflavin improved the 
conditions. These authors made a further investigation later in the same year on 47 patients 
and confirmed their previous observations. They found that the earliest and most common 
sign of ‘ ariboflavinosis ’ was circumcorneal injection due to congestion and proliferation of 
the limbic plexus. The authors believed ‘ that this form of dietary keratitis begins always 
as a superficial or sub-epithebal vascularization of the cornea, that superficial opacity is apt 
to follow ’. The authors believed further that ‘ ariboflavinosis is possibly the most prevalent 
apparently uncomplicated avitaminosis ; it is possible also that it is more easily recognized 
than others on account of the specific lesions of the eye which occur early in the period of 
deficiency ’. Cosgrove and Day (1942) reported successful treatment with riboflavin of several 
cases of keratitis with vascularization due to various causes. The cases of interstitial 
keratitis associated with hereditary syphilis responded more rapidly with the administration 
of ribofla%dn than when antisyphilitic treatment alone was given. They also fiurther observed 
that various corneal diseases recovered more rapidly when treated along with riboflavin. 
Hou (1940) described the treatment of 36 cases of riboflavin deficiency successfully. Aykroyd 
and Verma (1942) described cases of superficial keratitis associated with angular stomatitis, 
fissuring of the tongue, burning sensation in the mouth while taking food, seborrhoeic der- 
matitis of the face with multiple cqmedones, itching and scaHness of the skin of the- scrotum, 
which yielded to treatment with riboflavin. 

In other tropical countries, workers have reported the ocular and general manifestations, 
summarized in Table I, as being due to deficiency of vitamin B 2 (ribofla\dn). 


Clinical findings. 

In order to determine the incidence of riboflavin deficiency in Bengal, cases were investi- 
gated among the patients attending the Eye Infirmary, Medical College, Calcutta, and in 


Table II. 

Distribution and signs of riboflavin deficiency among cases seen in Bengal 

(excluding Calcutta). 


Places of 
examinations. 

Number 
of cases 
examined. 

Angular 

stomatitis. 

Fissoking 

With 

complaints. 

OF TONGUE. 

Without 

complaints. 

Keratitis. 

Vasculariza- 
tion of cornea. 

Angular 
stomatitis 
■with 
Assuring 
of tongue. 

Schools 

1,366 

24 

Nil 

Nil 

Nil 

Nil 

8 

Orphanages 

263 

1 

Nil 

Nil 

Nil 

Nil 

Nil. 

Hostels 

2,033 

65 

47 

45 

Nil 

Nil 

34 ' 

Labourers Jn jute 

264 

36 

Nil 

41 

Nil 

Nil 

97 

mills. 

Patients attending 
the outdoor of 

566 

3 

Nil 

Nil 

Nil 

Nil 

2 

travelling eye 

dispensaries. 

villagers 

852 

16 

Nil 

Nil 

Nil 

Nil 

23 


The chief complaint is burning sensation -K-hile taking hot food. 
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hostels, orphanages, schools and jute mills in and around r'nlcutta. Field woih was carried 
out at Kislmreganj in the di.strict of M'yinensingh in ICastern liongiil and Sanlipur in the 
district of Nadia in Central Bengal. In these two jdaces examinations were made of children 
attending the schools, ])eoplc living in the surrounding villages, and patients attendinr^ the 
outdoor clinics of the travelling eye dispensaries of the A.ssociation for the Prevention of 
Blindness, Bengal. A total of 27,:U)n cases -were examined of whom 21,005 were seen at the 
Eye Infirmary, Calcutta (Table 111), and o.tM-l elsewhere in the province (Table 11). 
Tables II and III summarize the information obtained in reeard to the distribution and 
signs of riboflavin deficiency. 

TAriLi: III. 


Analysis of r),3‘M cases examined for signs of riboflavin deficiency al the 
Eye Infirmary, Medical College Hospitals, Calcutta. 


Signs. 

Number. 

Signs. 

Number, 

Angular stomatitis . . 

7 

Keratitis associated with angular stomatitis 
and lesions of the tongue and scrotum. 

4 

Angular stomatitis with fissuring of 
the tongue. 

o 

niepharitis and angular conjunctivitis asso- 
ciated with lesions of the tongue and 
scrotum. 

G 

Angular stomatitis with lesions of the 
tongue and scrotum. 

r> 

Corne.al ulcer with vascularization 

1 

Corneal ulcer associated with atypical 
pellagra. 

1 



Totai, . , 

If) 

Totai, 

11 


GrWD TOTAI. . . 2(1 


A comparative treatment with vitamin A and riboflavin (vitamin Bn) was carried out on 
two groups, each of 2 cases, having angular stomatitis and other signs. The cases treated 
with vitamin A (cases 1 and 3 below) showed more rapid and marked improvement than those 
treated with riboflavin (cases 2 and 4 below). Other illustrative cases are also described. 

Case 1. — Hindu ninlo, nged 0 years, conijdnined of wntering of botli eyes. He Imd angular stomatitis but no 
other general or ocular sign.s. He was given two injections of vitamin A (50,000 units each) at an interval of 4 days. 
The angular stomatitis cleared up quickly after the second injection. 

Case 2 . — Hindu male, nged 9 years, complained of watering of both eyes. He had angular stomatitis but no 
other general or ocular signs. He was given injections of riboflavin (Bj) 1 mg. daily for 7 days. The angulni 
stomatitis cleared up in 8 days. 

Case 3. — Hindu male, aged 28 years, complained of a Ininiing sensation in his mouth whilst talking food, and 
itching of the skin of the scrotum of 3 months’ duration. Hr had no ocular complaints ; vision both eyes 0/6. 
There was marked angular stomatitis, the tongue was fissured and raw and the skin of the scrotum was s cal j’ and 
very itchy. He was admitted to hospital, and on 17th September, 1942, was given 100,000 units of viUimin A 
parenterally. The diet of the patient while in hospital contained no milk or any preparation of mdk. On -'I’ ' 
September, the angular stomatitis had completely cleared up, the tongue was better and the patient could take icod 
without any burning sensation in the mouth but the fissuring persisted. The skin of the scrotum also shoved 
marked improvement. The patient was discharged from hospital and was advised to take ccd-liver cil. 

Case 4. — ^Hindu male, aged 31 years, complained that for about a year he had felt a buming sensaticn hi the 
mouth while taking food, and that both eyes watered occasionallj'. Vision botli eyes G/G. He had angular stcraa i is 
with flattening of the papillre of the tongue on the right side. The skin of the serotiim was normal. He was 
admitted to hospital on IGth September, 1942, and was given 3 mg. of riboflavin parentwally daily for 5 days Ilie 
diet of the patient while in hosiiital contained no milk or any preparation of milk. On 24th September (» da ^ 
later) the angular stomatitis had cleared up to a large extent but tliere was no improvement in the burning sensa i 
in the mouth whilst taking food. The patient was discharged from hospital and told to attend lor treatment. 

Case 6.— Hindu boy, aged 10 years, came to the Eye Infirmary, complaining of redness of tlie right eye with 
marked sensitiveness to light and diarrhoea of 15 days’ duration. He gave a history of having suffered in the pa 
from jaundice, diarrhoea and attacks of inflammation of the eyes. Examination revealed a delicate chiJd vitn 
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long history of had health and neighing 40 lb. the tongue was coated and the dorsum showed patches of leuco- 
plakia and pigmentation. The pigmentation was also present on the lobules of both ears, on both eyelids, especially 
the upper ones, and at the angles of the jaws. The liver was just palpable ; the spleen was not enlarged ; there 
was no jaundice ; the cervical glands were enlarged. The right eye showed marked photophobia and the boy could 
not open his eyes. On the lower part of the cornea was a deep pimched-out ulcer but the margin showed no in- 
filtration, the pupil was active and the tension was normal. The left eye was not involved. On 7th hlay, 1942, 
the patient uas given parentcrally 1 c.c. of vitamin A (100,000 units) and 1 mg. of vitamin ((riboflavin). Two 
days later the ulcer showed no improvement and a second injection of vitamin A (100,000 units) was given. On 
13th ^ilay the ulcer still showed no improvement. The patient was admitted to hospital and from 14th to 30th 
Jlay 12 injections of 50 mg. each of nicotinic acid were given intramuscularly and the pupils were kept dilated by 
atropine. On 30th May the ulcer had completely healed up, only slight congestion of the conjunctiva and 
photophobia remained. The pigmentation of the tongue had to a large extent disappeared and the pigmentation 
in other places had completely disappeared. Vision both eyes was 6/9. The patient was discharged from 
hospital and was given another six injections of nicotinic acid in the out-patient department. 

The above 5 cases were admitted into hospital and kept on the same diet. The following 
cases of keratitis were diagnosed clinically as due to B 2 (riboflavin) deficiency and were treated 
as out-patients at the Eye Infirmary : — 

Case 6 . — Hindu male, aged 60 years, complained of redness of both e 3 ’es off and on for 8 months. In both 
eyes the conjunctiva was congested, circumcomeal injection was present and there were multiple smalt ulcers which 
stained with fluorescinc. Superficial vascularization was present all round the peripherj^ of the cornea. Vision 
R.E.-F.C. at i ft., L.E.-F.C. at 2 ft. He was given one dose of 4 mg. vitamin Bj (riboflavin) parenterally and 4 
mg. riboflavin dailj' bj' the mouth for 15 daj'S. He returned after 19 days, the ulcers were healed and the con- 
junctival congestion had disappeared. I'ision both cj'es 6/60. 

Case 7. — ^Muslim male, aged 32 years, complained of a burning sensation in the mouth while taking food and 
itching of the scrotum. He also complained of dim vision in both ej-es, sensitiveness to light and watering of the 
ej-es. He had angular stomatitis, the lips were fissured, and the skin of the scrotum was scalj' and itchy. In the 
ej-es there was diffuse deep keratitis, the comeal sensitivity was normal and the vision of both ej^es was 6/60. On 
28th September, 1942, he was given vitamin A (100,000 units) parenterallj', and on 1st October the dose was 
repeated. All the symptoms and signs, both general and ocular, remained the same. He was then given vitamin B, 
(riboflavin) parenterally 4 mg. daily for 6 daj-s after which the angular stomatitis, Assuring of the tongue and 
itching of the scrotum, although still present, were much better than before. The irritability of the ej'es became 
less hut the corneal opacities remained the same and the vision was not improved. 

Case 8. — JIuslim male, aged 19 j’cars, complained of a burning sensation of the mouth while taking food and 
a burning sensation in both ej’es for one month. He had angular stomatitis, fissuring of the tongue, but the skin 
of the scrotum was normal. In the ej'es there were linear and dot-like opacities in the superficial and deep laj’ers 
of the cornea but no blood vessels were seen. The conjunctiv,-® were normal. Vision E.E. 6/18, L.E. 6/24. ' He 
was given vitamin B, (riboflavin) 0 mg. daily by the mouth for 8 days, after which period the corneal condition 
showed considerable improvement, there was no angular stomatitis and the burning sensation in the mouth while 
taking food had disappeared. The vision also improved to ; E.E. 6/9, L.E. 6/12. 

Case 9. — Iiluslim male, aged 22 j-ears, complained of a burning sensation in the mouth while taking food and 
a burning sensation in the ej-es for about a year. He had angular stomatitis and the skin of the scrotum was scaly 
and itchy. A^sion both eyes was 6/9. In the cornea of the right eye there were small dot-like opacities in the upper 
and inner quadrant but no blood vessels were seen. The patient was given vitamin Bj (riboflavin) 5 mg. by the 
mouth daily for 5 days, after which the burning sensation in the mouth and eyes considerably diminished. 
Unfortunately he did not appear again after 5 days’ treatment. 

Case 10. — Aluslim male, aged 25 j'ears, complained of a bimning sensation in the mouth and ej’es with watering 
of the ej’es and sensitivity to light for 6 months. He had angular stomatitis, fissuring of the tongue and skin of 
the scrotum was rough and scalj’. In the cornea of both ej’es there were small superficial opacities with loops of 
blood vessels in the upper and outer part. These opacities were discrete and between them the areas were hazy. 
The rest of the cornea showed a dull corneal reflex with diminished sensitivity. Vision both eyes was 6/36. The 
patient was given vitamin B, (riboflavin) 5 mg. daily by the mouth for 8 daj’s. After this period the opacities 
disappeared and the cornea in both eyes became clear. The angular stomatitis and the condition of the scrotum 
considerably improved. Treatment was continued for a further 14 daj's when the vision of both eyes was 6/6. 


Discussion. 

Tke maiu signs and symptoms in the diagnosis of ‘ ariboflavinosis ’ are cheilosis (Sebrell 
and Butler, loc. cit.), the tongue lesions and corneal vasetdarization (Kruse and his colleagues, 
he. cit.), but clinical and experimental investigations have shotvn that these features are not 
always due to ‘ ariboflavinosis ’ and may be due to various other causes. Mechanical causes 
have been responsible for cheilosis in some cases, such as ill-fitting dentures (Ellenberg and 
Pollack, 1942), and constant salivation from chewing gum, pan or betel. The cure of cheilosis 
has been reported after the administration of nicotinic acin, pyridoxin and the entire vitamin 
B complex (ilachela, 1942). Smith and Martin (1940) reported successful treatment of 
cheilosis associated with pellagra, sprue, coeUac disease and digestive upset with intravenous 
doses of 20 mg. to 50 mg. of pjTidoxin dail)'. Healing of the fissures at the corners of the 
mouth occurred in 2 to 5 da^^s. These authors question the contention of Sebrell and Butler 
that cheilosis is specifically due to riboflavin deficiency. 
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In our series of cases, two slmiinr groups of patients having ciiciiosis were treated witli 
vitamin A pnrcntorally and with riboflavin. Improvement was noted in botli f^oups of 
cases, but those having treatment, with vitamin A Tesjjondcd more rjuirklv. The other lesions 
attributed to riboflavin deficiency arc also non-specific. The tongue Ic.sions, red raw tongue 
with fissures, claimed to he characteristic of riboflavin deficienev. failed to respond to 
riboflavin, but re.sponded in some cnsc.s to pyrido.xin and yea.st (^^achela, he. cit.). 
Sandstead (1912) showed that corneal vascularization (claimed to be pathognomonic of 
‘ ariboflaviuosis ’ by Kruse and his co-workers) was also non-specific, and was })re.'<ent in 
from 80 to 9b per cent of children, youths and adults examined in whom tins was present 
without any other signs of riboflavin deficiency. Scarborough (1912) lias pointed out 
that circiinicorneal injection, de.scribed by Syden.st riclcer aiul Kruse (1910) ns an early sign 
of riboflavin deficiency, is also non-sjiecific and was prc.sent in about 30 per cent of un- 
selected hospital patients examined by him with no other signs or liistory of rilioflavin 
deficiency. 

It is significant tliaf corneal vascularization has not been observed in clinical c.xperinicnts 
on liiiman beings given n diet deficient only in riboflavin, but tliis was olnscrvcd in control 
patients receiving the normal rcf|iiircmcnt.s of riboflavin (Boclircr cf nL, 1913). The writers’ 
experience is that avitaminosis A is by far the most prevalent form of uncomplicated 
avitaminosis in India and tlieir findings do not siijipnrt the contention of Sydenst richer and 
his co-workers that ‘ arilioflavinosis i.s the most prevalent, nnconijilicatcd avitaminosis The 
vTiters have not .seen any case of retrobulbar neuritis or optic atrophy which may be attributed 
to vitamin deficiency as mentioned by other workers in tropical countries. 

SuMMARV. 

]. The iucidenco of riboflavin deficiency in Bengal is low. 

2. The occurrence of ocular complications due to riboflavin deficiency is rare. 

3. Among the small number of cases of vitamin deficiency with ocular complications 
observed, three responded to treatment with vitamin A. 

4. It would seem that cases of angular stomatitis, with lesions of the tongue and scrotum, 
are due to deficiency of more than one vitamin. 
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THE ESTIMATION OF PYRIDOXINE (VlTAjilN Bo) IN 
FOODS USING RICE-MOTH LARV^ {CORCYRA 
CEPHALONICA ST.). 

BY 

P. S. SARMA. 

{From the Nutrition Research Laboratories, I. R. F. A., Coonoor, S. India.) 

[Received for publication, August 5, 1944.] 

Pyridoxixe (vitamin Bo) is a iiccessar}'- food factor for the rat and for -s-arious lower 
organisms, e.g. yeast, certain insect larvae, moulds and bacteria. Spies, Beans and Ashe (1939) 
and others have shown that it is required by human beings, but little is at present known 
about its role in human nutrition. No doultt future work will throw light on this subject. 

Knowledge of the distribution of pyridoxine in foods is not as complete or satisfactory 
as in the case of other members of the vitamin B complex, such as thiamine, riboflavin and 
nicotinic acid. Chemical methods of determination have been described by Swaminathan 
(1940) and Scudi (1941), but have certain disadvantages, notably lack of specificity, and the 
need for numerous manipulations of large volumes of solution to eliminate interfering sub- 
stances. Bina, Thomas and Brown (1943) have attempted to overcome these difficulties in 
a recent modification of Swaininathaii’s method. Biological methods, using rats, chicks, 
moulds and bacteria have been emploj’-ed. According to Williams (1943), ‘ the rat growth 
method as applied to meat and meat products constitutes the best method for determining 
vitamin Be, although unknown vitamins cannot be ruled out completely ’. Wicro-biological 
methods, which have proyed successful in the case of other vitamins in the B group, have also 
been extensively tried. Lacto-bacilli, which are used for estimating other B vitamins, have 
proved less suitable for estimating pyridoxine, owing to the fact that a considerable proportion 
of pyridoxine in animal tissues is present in a form, which has been tentatively called ‘ pseudo- 
pyridoxine ’ (Snell, Guirard and Williams, 1942). Pseudo-pyridoxine is nearly a thousand 
times as effective as p}T:idoxine itself as a mitrilite for lactic acid bacteria, though both 
substances have the same growth-promoting effect on yeast, insects and moulds such as 
Neurospora. Siegel, Melnick and Oser (1943) have modified the yeast assay method devised 
by Williams, Eakin and McMahan (1941) so as to eliminate many of the disadvantages of the 
original method, while Stokes, Larsen, Woodward and Foster (1943) have developed a new 
method for the estimation of pyridoxine, based on the growth response of a mutant of the 
mould, Neurospora sitophila. This is an a:-ray-induced mutant and requires added pyridoxine 
for growth. 

It is clear that fully satisfactory methods of estimating pyridoxine have not yet been 
evolved, and that there is room for further work in this field. In the present paper, a method 
based on the use of the rice-moth larvae {Corcyra cephalonica St.) is described.' The author 
(Sarma, 1943) has already shown that this organism requires pyridoxine for growth and that 
within certain limits the growth of pyridoxine-deficient larvae is proportional to the amount 
of pyridoxine in the diet. Evidence was obtained during the investigation that pseudo- 
pyridoxine has no greater growth-promoting effect on the deficient larvae than pyridoxine. 
By the use of this method, the pyridoxine content of a number of common foods has been 
estimated. The values are in good agreement with those obtained by Swaminathan’s (loc. 
cit.) chemical method and with those given by other workers employing rats as experimental 
animals. 

Experimental. 

The basal diet was as previously described, i.e. whole-wheat flour extracted with 3 ner 
cent sodium chloride, to which sugar and salt mixture of ]\IcCollum and Da^^s, were added in 
the proportion of 4 per cent in each case. On tlus diet, little or no growth occurred with the 
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Weight in milligrams for 10 larva*. 


addition of B vitamins other than pyrldoxinc. The pyridoxine-dcficicnt diet v-nt prepared 
by tlic addition of thiamine, riboflavin, nicotinic acid and calcium pantothenate, the conrentra- 
tion of tliesc factors per g. of diet being 10 iig.. n 50 /<g. and In /,g., respectively. The 
larv.Tc. after being given nncxtractcd vholc wheat for 8 to ]() days after hatching, were 
transferred to the pyrido.xinc-deficient diet. /\fter a depletion period of 28 to 50 days, the 
pyrido.xinc tests were begun. At this fitiipc. the weight of 10 lar^ve was 25 mg. to .55 mg., very 
little growth occurring in the absence of pyridoxine. The addition of pyridoxine to tlie diet 
caused resumption of growth. 

Preliminary experiment. s were carried out to discover the range within which the increase 
in growth was proportional to the amount of pyridoxine supplied. Diets were prepared in 
which known amounts of pure pyridoxine hydrochloride, ranging from 0'2 /«g. to y-O gg. per g. 
of diet, were included. The Graph .shows the growth increase of two gtoups of pyridoxine- 


Grapit. 



Micrograms of pyridoxine. 

Growth response after 14 clays of two groups of pyridoxino-deBcient larvto on diets containing varying amounts of 
pyridoxine. 

deficient larvae after being fed for 14 days on diets containing known amounts of the vitamin. 
It was deduced from the curves that the best concentration of pyridoxine to wor v i 
iDetween Ofi gg. and 1-0 gg. per g. of diet. Growth response after 14 days was used m 

evaluating results. 

Test matenals.— Extracts were prepared by the method of Swaminatlian (/oc. 
Pyridoxine exists mainly in the bound form, very little of it being free, so that it is nece sarj 
in the first place to liberate it from the bound state and make it water-soluble. igcs lo 
with pepsin appears to liberate the vitamin, completely. 
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The test material was either finely minced or powdered, and a quantity usually varying^ 
between 10 g. and 50 g. was taken for pyridoxine assay. The material was suspended in about 
150 ml. to 250 ml. of N /lO sulphuric acid, and heated on a water-bath at 70°C. to 80°C. for 
30 minutes, with occasional stirring. After cooling to about room temperature, 0’5 g. of 
pepsin dissolved in 10 ml. of water was added, together with 1 ml. of toluene. The mixture 
was incubated at 38°C. for 24 hours, after which the solution was again heated on a water-bath 
at 70°C. to 80°C. for another 30 minutes. The solution was cooled and neutralized wdth dilute 
sodium hydroxide solution and centrifuged. The residue was washed with water and again 
centrifuged and the total centrifugate collected and measured. 

Diets were prepared by mixing the extract with the pyridoxine-deficient diet at 2 or 3 
different concentrations, the existing knowdedge of the pyridoxine content of foojJs being used 
to ensure that, as far as possible, the concentration of the vitamin in the test diets would be of 
the same order as that of the diets containing the pure vitamin. For each assay control diets, 
usually containing 0'3 ng., 0‘6 fig. and 0‘9 /xg. of pyridoxine per g. of diet, were prepared. 
Batches of 10 to 15 larvae, approximately of the same weight, were simultaneously put on the 
test and control diets. The initial weight of batches varied from 25 mg. to 40 mg. Because 
of this variation in weight, it was found advisable to run 2 or 3 control tests with each test of 
food extract. 

After the larvae were W'eighed, each batch was put in a separate Petri dish. The various 
diets were sprinkled over them in more than the necessary quantity. The larvae were kept 
at 30°C. in an incubator and weighed after 7 and 14 days. Increase in weight after 14 days 
on various concentrations of extract was compared with increase on the control diets. The 
values for pyridoxine estimated from the growth response at 2 or 3 different levels of concentra- 
tion of the extract were averaged to give the final figure. 


Results. 

Table I gives the results obtained with three foodstuffs, which are typical of the 
remainder ; — 


Table I. 

Pyridoxine content of wheat, tapioca and mango at different assay levels. 


Amount of extract in 

the diet. 

Initial weight 
of 10 larva:, 
mg. 

Weight of 10 
larviE after 

14 days, 
mg. 

Increase 
in weight, 
mg. 

Pyridoxine 
per g. of 
diet, 

ns- 

Pyridoxine 
per g. of 
foodstuff, 

ns- 

Whole wheat . — 







Total extract : — 174 ml. 
Dosage per 5 g. of diet : 

3 ml. 

24-3 

36-8 

12-5 

0-28 

6-OD 

Do. 

3 ml. 

24-8 

46-0 

21-0 

0-47 

8-80 

Do. 

4 ml. 

25-0 

50-8 

25-8 

0-58 

C-30 

Tapioca . — 







Total extract : — 180 ml. 
Dosage per 5 g. of diet : 

2 ml. 

27-3 

34-3 

7-2 

0T7 

3-06 

Do. 

3 ml. 

27-4 

37-7 

10-3 

0-24 

2'88 

Do. 

4 ml. 

27-8 

43-8 

16-2 

0-38 

3-42 

Mango {ripe ). — 







Total extract : — 154 ml. 
Dosage per 5 g. of diet : 

2 ml. 

27-0 

42T 

14-5 

0-34 

2-82 

Do. 

4 ml. 

27-2 

Gl-3 

34-2 

0-78 

3-00 
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tfi will be Keen from Ta))ie T timl' tlic valuc.s for pynMoxino olilainorl nt vnrioiiK eohrcti- 
trations agree fairly closely, indicating that there were no stimulating or inhihiting sii))staiiccs 
in the varions extracts and that, (he increase in growth was solely due to the amount of 
pyridoxinc ))resent. in the diet. It was found that the duplicate values obtained on the .«anic 
material in difTerent, e.xperimcnts agreed within Jo per cent. I’ecovcrie.s of jnridoxinc added 
(o test materials were (piantitativc. being in the range of W to Kin per cent. 

The valuc.s for a number of common Indian foods! utTs, and for various other substancc.s, 
arc given in Table II. For the .sake of comj)ari.son, values obtained by the chemical method 
of Swiuninathnn (foe. ci7.), the rat method of Wnisman and lOlvehjem (1011). and by various 
other method.s are given in this table. The re.sults obtainetl are in good agreement with tho.se 
given by animal assays, on the same or similar biological materials. 'Phe values given for 
some of the test materials by the chemical method are a little on the higher side, wliich is 
probably due to c.xtrancous pigments in the extract interfering iti the colorimetric determina- 
tion of the vitamin. 

Tahlj: II. 

Pyrufjyxinc contcnl nf foodslujfn nml Inohijiatl mntrn'als. 


Vitamiji Bo hydrochloride in /'g. ])cr g. 



R.arval 

Chemical 

jiiethotl 

(.\). 

R.at 


Other 


method. 

method. 

methods. 

Cerrnh . — 






Cainbu {Pcnmsclum 

Iff. 

10-7 



•• 

Kicc, raw, iiiillod 

2-.'! 

3-3 

•• 


•• 

Kicc, parboiled, milled .. 

4*2 

•• 

•• 


• 

Jowar {Audropogum xorghum) 

T-n 

S'O 

• • 


• • 

Ragi {Plcustuc coracann) 

4 a 

- 

* • 


• • 




r 

4-2 (H) 

Whole n-licat 

G-4 

S-1 

4-G (C) - 

[ 

4-8 (D) 

4-61 (G) 






1-2 (D) 

Refined wheat (lour 

2'5G 

3-3 

2-2 (C) ■ 


2-8 (G) 

0'9 (H) 

Pulses . — 






Bengal gram {deer ariclinum) 

ll'O 

10-9 

•• 


• • 

Green gram {Pliaseolus radiatus) 

11-4 

10-1 

• • 


• * 

Soya bean {Glycine Mspida) 

7-9 

8-6 



12-0 (E) 

Black gram {Phascolus mtingo) 

11-3 

9-9 

• • 


« • 

Vegetables , — 






Cabbage 

2-5G 

2-9 

• • 


« • 

Carrots . . . . • • 

2'20 

r9 

• • 


• • 

Brinjal {Solanum melongena) 

1*88 

• 

• • 


• • 

Plantains, raw {Musa giaradisiaca) 

1-36 

• • 

• • 


• • 

French beans {Phaseolus vulgaris) . . 

0'9G 

• • 

• • 


• ft 

Potato {Solanum tuberosum) 

2-70 

1-G 



• • 
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Table II — condd. 


Foodstuff. 

Larval 

method. 

Chemical 

method 

(A). 

Eat 

method. 

Other 

methods. 

Fruits. — 





Ifango, ripe {Mangifera indica) 

2-81 

•• 

• • 

•• 

Orange 

1-75 

•• 

•• 

•• 

Ftesh foods. — 





Sheep liver . . 

6-10 

13-S 

3'7 (B) 

•• 

Sheep muscle 

2-37 

4-0 

3-0 (B) 

4-4 (G) 

Sheep kidney 

1-65 

• 

•• 

•• 

Sheep heart . , 

1-68 


• • 


Fish muscle . . 

2-10 

* 


■ - 

Miscellaneous . — 





Whole hen’s egg 

0-65 

• 

. * 

0-48 (H) 

Cow’s milk (per ml.) 

1-20 

1-S 

1-3 (B) - 

r 0-5-0-6 (D) 

0-71 (G) 
0-51 (H) 

Torula yeast {Torula utilis) 

44T 

.. 

.. 

• • 

Brewer’s yeast 

45-0 

51-8 

55-0 (P) ■ 

r 39 (D) 

' 65-73 (E) 

1 49 (H) 

Ground-nut {Arachis htjpogea) 

7-20 

.. 

• • 

• * 

Tapioca (JfaniAol vtilissima) 

312 

•• 

•• 

• » 


Kei;.— 

(A) Swaminathan (1940). 

(B) Waisman and EIveh]em (1941). 

(C) Tepley, Strong and Blvehjem (1942). 

(D) Atkin, Schnitx, Williams and Frey (1943). 

(E) Bina, Thomas and Brown (1943). 

(F) Conger and Elvehjem (1941). 

(G) Stokes, Larsen, Woodward and Foster (1943). 

(H) Siege!, Melnick and Oser (1943). 

The results show that cereals and pulses are fairly rich in pyridoxine, particularly the 
latter. Vegetables and fruits are poor sources of pyridoxine, while yeast is a good source. 
Milk, meat, fish and eggs gave low values, liver being richer than muscle. 

The pyridoxine values for sheep muscle, sheep liver, milk and egg obtained by the larval 
method are in good agreement with those obtained by the rat assay method. This suggests 
that the ‘ pseudo-pyridoxine ’, which ft supposed to be present in animal tissues, has no ^eater 
growth-promoting effect on the larvse than pyridoxine itself. This was confirmed when 
solutions of pyridoxine were hydrolysed with casein and mixed with the diet. No increase 
occurred in the grovdh-promoting activity of pyridoxine, as was found to be the case with 
lactic acid bacteria (Stokes et ah, he. cit.). 

Disccssion. 

Pyridoxine deficiency can readily be produced in rice-moth larvm by givinc^ them a basal 
diet as described, which includes thiamine, riboflavin, nicotinic acid and calcium'pantothenate 
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but no pyridoxine. On this diet, little or no growth occurs, but on the addition of pyridoxine 
growlli is ns good ns that obtained on wliole wlicat. JVridoxine values obtained by the larval 
method agree well with those given l)y the rat growth jncthod, which is generally considered 
the most reliable. It is, therefore, considered that, the larval method can be saf efy employed. 
It has the advantage that it is ca.sy to liandle large numbers of larva\ The rearing and liousinf^ 
of the larvm in I’etri dishes in the incubator i.s economical as com])arcd with the rearing and 
housing of rats. A large number of estimations can be carried out in a short space of time. 
Furtlier," in the methods involving the u.se of micro-organisms or Nnirospnra, contamination 
has to be strictly avoided, but the larval method of as.say doe.s not rcfjuire bacteriological 
control. 

The distribution of p^Tidoxine in foods is interesting. The richness of cereals and pulses 
suggests that pyridoxine deficiency is unlikely to be common in India, since cereals form the 
bidk of Indian diets and pulses are consumed in greater fjuantiticsthan in most other countries. 
The foods commonly designated as ‘protective’, e.g. milk, meat, vegetaldes and fruits, arc 
in fact rather poor .sources of this vitamin. Anotlicr point of interest is that the loss of 
pyridoxine occurring on the milling of rice and wheat is considerably smaller than the losses 
of thiamine or nicotinic acid which result from milling. The more uniform distribution of 
])yridoxine throughout the grain may be related to the fact that a major portion of it occurs 
in nature in a bound .state. 


SUM.MAUV. 

1. A larval method for the c.stimation of pyridoxine in foodstuffs and biological materials 
has been developed, based on the growth -increase of pyridoxine-deficient rice-moth larva) 
{Corcijra cephahnien St.). 

2. The increase in growth of pyridoxine-deficient larvae was proportiona,!, within the 
range of 0-0 //g. to I’O pg. of pyridoxine per g. of diet, to the amount of vitamin present 
in the diet, 

3. About thirty foodstuffs and biological materials have been analysed for their 
pyridoxine content by the larval method. The values are in good agreement with those 
obtained by Swaminathan’s chemical method or by various animal assay methods. 

4. Cereals and pulses, particularly the latter, are generally fairly ricli in pyridoxine. 
‘\rilk, meat, vegetables and fruits are poor sources of the vitamin. 

5. PseudO'pyridcxine, which is more active than pyridoxine in promoting the gro^yth 
of lactic acid bacteria, has the same growth-promoting effect on rice-moth larvje as pyridoxine 
itself. 
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ANTI-THIAj\nNE FACTOR IN CARP. 

BY 

KA^IALA BHAGVAT, 

AND 

P. DEVI. 

{From the Ntiirition Research Laboratories, I. R. F. A., Coonoor, S. India.) 

[Received for publication, August 16, 1944.] 

In another paper (BhagA^at and Devi, 1944, see p. 131, this issue), it has been shown 
that certain cereals, e.g. ragi {Eleusine coracana), and pulses and certain oil-seeds, e.g. 
mustard {Brassica juncea) and linseed {Limim usitaiissimmn), contain two factors which 
rapidly inactivate thiamine. One factor was found to be thermolabile and non-dialysable, 
and the other thermostable and dialysable. The existence of a ‘ thiamine-inactivating ’ 
mechanism in carp and certain other varieties of fish was reported by Green, Carlson and 
Evans' (1941, 1942), Woolley (1941), Spitzer,. Coombes, Elvehiem and Wisnicky (1941), 
Evans, Green and Carlson (1942), Green, Evans, Carlson and Swale (1942), Deutsch and 
Ott (1942) and Deutsch and Hasler (1943), and it was felt to be of interest to compare the 
fish factor with those present in other foods. With this object in view the present investi- 
gation was undertaken. MTiile, however, it was in progress, two papers appeared : one by 
Sealock, Livermore and Evans (1943) and the other by Ehampitz and Woolley (1944). The 
former authors studied the properties of the fish anti-thiamine factor, while the latter in 
addition, isolated the products of breakdown of thiamine formed by the action of carp 
tissues. Krampitz and Woolley found that the destruction of thiamine by carp tissue was 
an enzymic reaction and .the enzyme was found to consist of two components, one heat- 
labile and non-dialysable and the other heat-stable and dialysable. Either component 
alone had some slight activity against thiamine, but the two together were necessarv 
for full activity. In this respect, the anti-thiamine factor from ragi and oil-seeds appears 
to be different from the carp factor. The results presented in this paper are, in general, in 
agreement with those reported by Sealock et al. and Krampitz and Woolley. 

Experijiental. 

Extraction of the antFthiamine factor from carp tissues. — A freshly caught carp was 
killed by decapitation and the blood was collected in 5 per cent sodium acetate solution. 
Usually 3 ml. of blood were obtained from a medium-sized carp (| lb.), which was made up 
to 50 ml. with 5 per cent sodium acetate solution. The solution was filtered and a suitable 
aliquot of the clear filtrate was used for testing its activity against thiamine. 

The muscle and viscera were extracted with the follo%ving solvents : (f) water, {ii) 10 per 
cent KaCl and (m) chloroform-water mixture (5 ml. chloroform in 95 ml. of water). The 
tissues (20 g.) were ground up finely with 100 ml. of each of the solvents and the suspensions 
thus obtained were left overnight at 0°C. with toluene as a preservative. In the case of the 
chloroform-water mixture it was formd by preliminary experiments that almost complete 
extraction of the factor was achieved, when the tissues were ground up with this solvent 
only for 5 to 10 minutes. The different suspensions were filtered and suitable aliquots of 
the clear filtrates were tested for their anti-thiamine potency. 

Known aliquots of the different extracts and diluted blood were brought to pH 5-6 with 
- M/2 acetate buffer and were incubated overnight at 37°C. with 25 ;ug. of thiamine. The amount 
of the vitamin left over in the different extracts was estimated by the thiochrome method as 
described by Bhagvat (1943). A parallel incubation with 25 /ng. thiamine was carried out 
with the different extracts after they were boiled for 2 to 3 minutes. 
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The results nre given in Table I : 


Taiii.k I. 

Inactivation of tltimninr In/ carp nius;ch', viscera and blood. 


fiS. tliiftmine 
«lc3troyc(I, 

Muscle . — 



1. 

AqueoUB e.xlrftct 

/ Unhoihd 
•• 1 hoilerl 

14-0 

0-3 

O 

10 per cent XnCl 

( I'nboilcil 
•' } Jloil.vl 

22*4 

\vo 

. 1 . 

Chloroform vnter 

( Unboiled 
•• } IJoiled 

2.'.-0 

0-0 




1 . 

10 per cent XnCl 

( Unboiled 
•• \ Boiled 

2.’;-o 

2T) 


Chloroform wntcr 

( Unboiled 
•• } Boiled 

2.';-o 

2-a 

lUnoil 

f Unboiled 
■ ' ■) Boiled 

2.’j-0 

4-3 


It is clear from Table I that (/) carp tissues and blood contained a factor wliich inactivates 
thiamine, {ii) the factor, as in the case of ragi and oil-seeds, is soluble in chlorofonn-water 
mixture and (Hi) it is thcrmolal)ile. thereby indicating its enzymic nature, rurther evidence 
revealing its enzymic nature was brought forward by the study of the kinetics of the reaction, 
the relation between the concentration of tlic factor and the concentration of tJnamme, and 
effect of pH, etc. on the inactivation of thiamine. 

Inactivation of thiamine by graded amounts of the viscera n7id ?n7tscle extracts and diluted 
blood. — This problem was next investigated. Tlie reaction mixture consisted of X ml. of 
extracts or diluted blood d- 10 ml. of ]\f/2 acetate buffer (pH 5'6) + 25 ^g. thiamine. The 
final volume was made up to 25 ml. The .solutions were incubated overnight for about 18 
hours at 37°C. Table IT represents tlie results obtained : — 


Table II. 

Inactivation of thiamine by graded anwxnns of the extracts 
and dihtted blood. 


nd, of extract. 

fin. thiamine 
destro}’ecl. 

Mvsde extract . — 


I-O 

0-0 

2'5 

4*5 

6-0 

5-8 

lo-o 

18-3 

12-5 

24-1 
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Table II — concld. 


ml. of extract. 

fig, thiamine 
destroyed. 

Visceral exlrad . — 

0-2 

15-2 

0-3 

16-0 

0-5 

17-9 

1-0 

25-6 

Diluted blood . — 

0-3 

21-2 

0-5 

23-7 

1-0 

25-0 


The amount of thiamine inactivated appeared to depend upon the amount of the extracts 
taken. Maximum inactivation was obtained with 12'5 ml. of muscle extract, and 1 ml. each 
of visceral extract and diluted blood. 

Rate of destruction of thiamine . — ^The rate of destruction of thiamine by the extracts and 
diluted blood at 37°C., pH 5'6 was investigated. At known intervals of time, 25 ml. of the 
reaction mixture (containing 25 fig. of thiamine) were pipetted out and the amount of 
thiamine present was estimated. The results are given in Table III ; — 


Table III. 


Rate of destruction of thiamine. 



^g. THIAMINE DESTTtOYEH. 

Time in minutes. 

Ulnscle Visceral Diluted 

extract. extract. blood. 


0 

00 

11-8 

. . 

15 

. , 

18-1 

• , 

30 


24-2 

• . 

60 

lO’O 

26-0 

25-0 

120 

14'7 

25-0 

25>0 

180 

18-4 

• • 

• • 

24 hours 

23-2 

25-0 

25-0 


The rate of destruction of thiamine by the extracts and diluted blood increased with time. 
Maximum inactivation of the vitamin by the muscle extract was observed after 24 hours’ 
incubation, while the same result was obtained rvith visceral extract and blood after an 
hour’s incubation. Thus, in all subsequent experiments, the incubation of thiamine with 
muscle extract was carried out for 18 to 24 hours and with visceral extract and blood 
only for an hour. 

Effect of pH on the inactivation of thiamine . — Tire inactivation of thiamine by carp tissues 
and blood was carried out between pH 3 and 7'0 using M/2 acetate buffer. pH 3 was obtained 
by addition of j\r/2 acetic acid and pH 7 by using M/2 soditun acetate solution. The 
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inactivjiiion of thiinuiuo uppoiircil (Tttble !V) to I)c onlv slii'litly nifcoted 
in pH from *1 to 7-0 : — 

'J'Aitnn IV. 


by clianges 


Effect of pH on the inactivation of thiamine. 


f ^2'r> ml. of nuc^clo oxlrnct "I 10 ml. ImfTcr 
Reaction mixturo . . ]-0 .. viiccral extrnot 2-; tliiamino. 

I no ,. „ ilihitod blood j Final vol. 25 ml. 


lU?. THiAMisr oraTiioyrn. 

pU. 



Mu'ich 

extinct. 

Viieornl 

extract. 

Diluted 

blood. 

n-o 

11*8 

21'0 


■FO 

17'» 

20-.1 

in-2 

•<•5 

20-3 

, , 

* • 

.I'O 

23--1 

23-7 

2o-0 

O-O 

23-5 

21-4 

25-0 

0-0 

25-0 

25-0 

- 25'0 

7*0 

25-0 

25-0 

23-7 


Efcct of graded concentrations of thiamine . — The relation between the concentration of 
thiamine and the rate of it.s destruction at pH 5'G and STT. were next stvidied. The reaction 
mixture contained the same amounts of the extracts and diluted blood as used in the previous 
experiments. The results are given in Table V : — 

Table V. 


Relation behveen the conccniraiion of thiamine and 
the rale of its destruction. 


pg. thiainino 

ns- 

THI-AmKE DESTROYED. 


nddod. 

Musolo. 

Viscera. 

^Blood. 

26-0 

26-0 

26-0 

25-0 

50-0 

48-4 

48-0 

32-0 

76-0 

• • 

05-0 

52-0 

100-0 

74-2 

82-0 

70-0 

125-0 

, , 

101-0 

84-0 


The rate at which thiamine inactivated was directly proportional to its concentration, 
when the concentration was low (up to 50 pp.). At higher concentrations the rate of reaction 
and the concentration were not proportional, men the results were expressed on the dry 
weight basis, it was observed that 1 mg. of muscle, viscera and blood respectivdy will mac iva e 
0-32 p.g., 8-6 11 %. and 8*3 p.g. respectively of thiamine in the hour at 37°C. Thus, the viscera 
and blood are about 26 times richer in this factor than the muscle. All the results so ar 
presented appear to point to the enzymic nature of the thiamine-inactivating mechanism. 
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Pitrtfimllon of the oizijmc. — (1) Diali/sis of the visceral and muscle extracts. — Tlie iwo 
extracts -were dialysed at room temperature {20°C. to 25°C.) for 48’72 hours against running 
water. The non-dialysable portions were then tested for their activities towards thiamine 
(Table Vt) 

Table VI. 

Destruction of thiamine hy the dialysed extracts of 
muscle and viscera. 


Extract. 


Per cent thiamine destroyed. 

Original Dialysed 

extract. extract. 


Muscle 

•• 

100-0 

31-8 

Viscera 


05-2 

64-7 


The extracts appeared to lose part of their activity on dialysis. This might lie 
due to the loss, during dialysis of a catalyst or a co-enzyme, in xvhich case the activity 
of the extract should be restored on addition of the boiled original extract. Eesults 
presented in Table VII show that this occurred : — 

T.4BLE VII. 


Extract. 


fig. THmriNE DE.'ITBOYED. 


Original extract. 


Unboiled, Boiled. 


Dialysed 
extract -f 

Dialysed boiled 

extract. original 

extract. 


Muscle 

25-0 

0-0 

8-0 

25-0 

Viscera 

2.3-8 

2-4 

16-8 

23-5 


VTiile these experiments were in progress, a paper by Krarapitz and Woolley (loc. cit.) 
appeared, wherein the authors have shown that, on dialysis, the enzyme could be resolved into 
two components : one heat-labile and non-dialysable and the other heat-stable and 
dialysable. Both the components were necessarx' for the full activity of the enzx'me. 
Our experiments point to the same conclusion. 

(2) Precipitation with ammonium sulphate. — Muscle extract was used in this experiment. 
The extract was treated with graded amounts of ammonium sulphate and it was obserx^ed that 
the enzyme was precipitated only when the extract was fully saturated with the salt. The 
precipitate was removed by filtration and dissoh-ed in small amount of water. The solution 
was filtered and the re!5idue was washed with water. The filtrate and the washings were 
mixed and made up to the original x'olunie of the extract. An aliquot of the solution 
was dialysed against running water till it was free from ammonium sulphate. The original 
extract and the solution of ammonium sulphate precipitate before and after dialysis 
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were tcstccl for Micir anii-lhmminc pofenev wit)) 2r> //" thhuumc. The rcsnltfi nre shown 
lu Table VIII 


'I’Aitu-: vjri. 

Avh-tlnrntnvc 'jmtr.itr.i/ of orujinal extract and ammonium 
sulphate preeipilate of the enzyme. 


tliifiniino 

destroyed. 


OriginnI o.xfmct 

J UnJmil.U 
[ IJoilfd 

g.vo 

->■■1 

Ammonium sulplmte prrcipimir in HjO 

(herore ilinlysi**) . . 

UnLoi/i-fl 

2.V0 


IJoilffl 

•}-7 

•» >♦ »» *» 

(nfU>r UiiilyHiM) .. 

Unboilrd 

i-s 


The enzyme was precipitated In* full saturation of tlic extract with annnoninm sulphate. 
The precipitate, however, lost all its anti-thiamine activity on dialysis. This again suggests 
the possibility of the enzyme being made up of two com])ononts. 

(3) Precipitation with acetone. — The enzyme was j)rcci})itated from tlic muscle extract by 
the addition of 3 volumes of ice-cold acetone (this was used in order to ensure minimum loss 
of activity of the enzyme). The prccii)itatc was removed on the centrifuge and wasliecl re- 
peatedly witli ice-cold acetone. It was finally suspended in 5 ])cr cent jN'aCl. This suspension 
when tested for its potency was found to contain only half the activity of the original extract. 
The acetone treatment was then repeated with whole muscle in order to sec if a more potent 
preparation could be obtained, ^'hc muscle was finely ground and stirred ^vith 3 volumes of 
ice-cold acetone. Tlie residue n’as separated by filtration imdor suction, washed repeatedly 
with acetone and dried in vacuo over sulphuric acid. Immediately on drying the residue was 
tested and was found to retain the full activity of the fresh muscle. However, on keeping a 
progressive lo.ss of activity occurred. 

Stability of the cnzym'\ — That the enzyme was sensitive to heat was shown in experiments 
reported earlier in this paper. Tlic sensitivity of the enzyme towards acid and alkaline pH 
was next tested. The muscle extract was brought to pH lO'O and left overnight. Anot ler 
portion of the extract was kept overnight at pH 2-0. An extract at pH 5’6 served as a con ro . 
The different extracts were adjusted to pH C‘6 nnd tested for their activity towards thiamine 
(25 fig.). Table IX gives the results of a typical experiment ; — ■ 

Table IX. 

Stability of the enzyme at pH 2, 5'G and 10. 


pH. 

fig. tliinmino 
destroyed. 

2-0 

2-6 

5-6 

25-0 

10-0 

6-0 


The enzyme is thus destroyed by keeping at pH 2 and 10. 
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The activity of the enzyme "was found to be unaffected in presence of inhibitors like potas- 
sium cyanide and sodium fluoride in M/100 concentration. 

Destruction of thiamine in yeast and animal tissues by the muscle extract. — In the next 
paper (Bhagvat and Devi, loc. oil.) destruction of thiamine in yeast and liver by the extracts 
of ragi and mustard seeds has been described. It was felt to be of interest to find out 
whether the muscle extract will show a similar behaviour. Dried brewer’s yeast and animal 
tissues were incubated overnight at 37°C. with 10 ml. of muscle extract. Parallel incubations 
were carried out with {i) yeast and animal tissues + thiamine and (m) same as (1) + 10 ml. 
of muscle extracts. The amounts of the vitamin remaining in the different solutions are 
shown in Table X. The results show the destructive effect of carp muscle extract under 
these experimental conditions. 

Table X. 

Destruction of thiamine in yeast and animal tissues by muscle extract. 


Materials. 



ns- 

Found. 

THIAMINE. 

Calculated. 

Per cent- 
thiamine 
destroyed. 

Brewer's yeast. — 






0‘5 g. yeast 


• • 

31-0 

• • 

•• 

10 ml. muscle extract 



0-0 

0-0 

•• 

0-5 g. yeast -1- 10 ml. muscle e.xtract 



0-0 

34-0 

100-0 

O'S g. yeast 4- 25 yg. thiamine . . 


. • 

51-4 

59-0 

. . 

0'6 g. yeast -(- 25_ /ag. thiamine -f 
musole extract. 

10 

ml 

M 

59-0 

97-7 

Bheep liver. — 






5 g. liver . . 



10-0 

• • 

• • 

6 g. liver -f- 10 ml. muscle extract 


.. 

0-0 

lO-O 

100-0 

5 g. liver -f- 25 fig. thiamine 


• • 

27-0 

35-0 

■ • 

5 g. liver -J- 25 fig. thiamine -f 

muscle extract. 

10 

ml. 

1-7 

35-0 

95*2 

Sheep heart. — 






5 g. heart 


.. 

44-0 

... 

• • 

5 g. heart 10 ml. muscle extract 



0-6 

44 

9S-5 

5 g. heart -h 25 pg. thiamine 


-• 

61-5 

69 

• • 

5 g. heart 25 pg. thiamine -|- 

muscle extract. 

10 

ml. 

1-8 

69-0 

94-7 


Comparison bettveen the anti-thiamine factor in carp loith the factor present in ragi and 
mustard seeds. — There are certain points of similarity between the two factors : (a) Like carp 
tissue, ragi and mustard seeds destroy thiamine. (6) 4 methyl-5 hydroxy- ethyl thiazole and 
2 methyl-4 amino-5 hydroxy methyl pyrimidine have been isolated as the products of break- 
down of thiamine by the action of carp tissue. These have been shown to promote the growth 
of the larvte of the mosquito [AMes {stegomyia) albopictusl. Eagi and mustard seeds also 
appear to break thiamine down into such products, which were shown to be utilized by the 
larvaj. As regards the nature of these products nothing is known at present, but attempts 
are now being made to isolate them, (c) The activity of the carp factor, like that of the factor 
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in ragi and mustard seeds, i.s unafTecled bj'change.s in p)I from 3 to 7. (d) Both the factors 
destroy thiamine in yeast and animal tissues. 

While the car]) and ragi and mustard seed factors show certain similarities in .some respects 
they exhibit remarkable differences : (n) Tlic carp factor bchavc.s like a typical enzyme. It 
is tbermolabilc arid its activity depends upon factors which normally affect enzyme activity. 
The ragi and mustard seed fact or doc.s not behave like an enz} me, {h) Tlie carp factor consists 
of thcrmolnbilc and non-dialy.sahlc, and thermostable and dialy.sable, component.s, Kitlicr 
fraction alone has some .slight aclivit v hut tlic two logctlicr arc necessar}" for the full activity. 
The mustard .‘^ced factor also consists of two comjioncnts — lient-labilc and non-dialysablc, and 
hcat-stablo and dialysablo. But in this case either fraction hv itself was found to be active, 
(c) The carp factor is destroyed when kept overnight at ])!! i and ]>If 10 ; while the ragi and 
mu.stard seed factor i.s jierfcctly stable under similar conditions. 

Su.M.MAnv. 

1. Carp mu.'^cle. vi.'Jccra and blood were found to contain u factor which inactivated thia- 
mine and which was extracted by cbloroform-water mixiuie. 

'2. 'i’iie factor has been found to behave like a tyju’cal enzyme in being thcnnolabile, its 
.activity being dejiendenf on 1)ic relative concentrations of the enzyme and the substrate thia- 
mine. 

:5. Visceral extract and blood were found to be about 2(5 times richer in this enzyme than 
muscle extract. 

•1. The visceral and muscle c.xtract.s liave lo.st their activity alter dialysis for 48 to 72 
Itour.s. .\ctivity could be restored by the addition of the boiled original extracts — suggesting 
the presence of two fractions, one !teat-la]>ile and tion-dialy.sablo and the other heat-stable and 
dialysable. 

b. The enzyme was procipitiitcd by full saturation of tiic muscle extract with ammonium 
sulphate. On dialysis, the precipitate was found to lose all its activity. The enzyme was 
also precipitated by 8 volumes of acetone, but this treatment was found to yield an unstable 
jireparation of the enzyme. 

0, The enzyme has been found to dc.stroy thiamine ])rcsent in dried yeast and animal 
tissues. 

T. The car]) enzyme is different from the anti-tiiinmine factor of ragi and mustard seed 
tlmugh certain similarities between them have been observed. 
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INACTIVATION OF THIAMINE BY CERTAIN FOODSTUFFS 

AND OIL SEEDS. 

Part I. 

BY 

KAMALA BHAGVAT, 

AND 

P. DEVI. 

{From the Nutrition Research Laboratories, I. R. F. A., Coonoor, S. India.) 

[Ecoeived for publication, August 16, 1944.] 

During the course of an investigation on the liberation of thiamine and nicotinic acid 
from foodstuffs by pig’s mucosa enzyme preparation, the disappearance of thiamine on its 
addition to certain foodstuffs was demonstrated by the apphcation of the thiochrome test 
(Bhagvat, 1943). The factor responsible for this disappearance was shown to be insoluble in 
ether and, in the case of rice polishings, thermolabile. The factor in rice polishings appears to 
share the latter property with the anti-thiamine factor in carp tissues, which was shown by 
"Woolley (1-941) and Spitzer, Coombes, Elvehjem and Wisnicky (1941) to inactivate thiamine 
in vitro, the degree of inactivation being reduced on cooking the tissues. The analogy between 
the two thiamine inactivating mechanisms from two entirely different sources, led us to under- 
take the present investigation. 

Experbiental, 

The observation of Bhagvat {he. eit.) regarding the low recovery of thiamine added to 3 
cereal substances, viz. ragi {Eleusine coracana), rice pohshings and bajra {Pennisetwn typhoideim) 
was confirmed. In addition to these foods a number of others were tested to see if they behave 
in the same way. A known amount of the material was suspended in 50 ml. of S^/IO acetate 
buffer (pH 5'6), 50 fig. of thiamine were added, and the suspensions incubated o\einight at 
37°C., with toluene as a preserc^ative. The amount of thiamine lemaining in the extracts was 
estimated according to Bhag^’^at’s method. The results were given in Table I ; — 


Table I. 

Percentage recovery of thiamine added to different foodslvffs and oil seeds. 


JIaterial. 

Botanical name. 

Amount 

taken, 

g- 

Thiamine 

added, 

ne- 

Percentage 
recovery 
of added 
thiamine. 

Ragi 

. . Eleusine eoracann 

5-0 

oO-O 

14-3 

Rice polishings 



5*0 

50-0 

28-8 

Bajra 

. . Pcnnisclum iyphohleutn 

lo-o 

oO-O 

57-7 

Wheat germ 


o-O 

50-0 

43-1 

Green gram 

. . Phaseolus radiatus 

o'O 

50-0 

31-3 

Soya bean 

. . Glycine hispida 

5*0 

oO-O 

60-0 

CoTv pea . . 

Vigna caitang 

5*0 

oO-O 

62-0 
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I’ahu: 


Mutorinl. 

Itotanical imtno. 

.Ainoiinl 

taken, 

Thiantiii(> 

added, 

a.i;. 

I’t-rrenlape 
recovery 
of added 
tliianiine. 

Ik-npal pram 

Cicfr 

100 

r.0'0 


Mast anl Peed 

Brttsrirn juiirrn 

.'•() 

00-0 

2.V0 

Cotton Fcctl (yellow) . . 

O'oififpium Pj). 

n-o 

r. 0-0 

2.')-0 

Cot ton peed 


r>-o 

.'JO-O 

S'7 

Lin‘'eed 

Lt limit ii.^it'itifuminn 

r,-o 

fio-o 

‘JS-O 

.Se^nnuiin seed 

SfMtiiium inilicuiii 

r.-o 


700 


Tabic I shows that, low recovery of added thianuae was obtained with a nmnber of food- 
stuffs other than cereals. The oil seeds, niiisfard and cotton seeds were chosen because {i) of 
the apparent connection between nuistard oil nn<l epidemic dropsv in ]lonf;al and the fact that 
certain workers have lield the view that there is an as.sociation between epideinic dropsy and 
thiamine deficiency, and (ii) because a condition resembling liuman beri-beri was ob.scrved 
by Kommcl and Vedder (1027) (quoted by \Vil!iams, 1020) in swine fed on cottoii'seed. 

The rate of disapjjcarance of thiamine on tlie addition of variou.s foods was next studied. 
The amounts of the materials and that of thiamine, and the other experimental conditions, 
were the same as in the previous experiment. Table II shows the results : — 


Table II. 

Italc of disappearance of thiamine. 


Bi:iici:sta(h: oi' thiamine niSAiTEAiuNO. 
Materials. Time in liours. 



0 (7 minutes) 

1 

O 

3 

24 

Ragi ,, 

75-0 

89-2 

81-2 

75-0 

92-3 

Rice polisliings 

.. oO'O 

62-4 

69-4 

• 4 

08-7 

Green gram 

70-0 

07*2 

70-3 

G2-5 

68-7 

Mustard seed 

04-7 

01-8 

70-C 

C4'7 

70-6 

Cotton seed 

75-0 

■ 95-0 

98-5 

100-0 

94-1 

Linseed 

50-0 

CO-7 

C4-3 

71-4 

• 78-6 


The disappearance of thiamine appears to begin immediately after its addition to the tes 
materials. This suggests a non-enzymic reaction. Disappearance might be due ^ ® 
adsorption on the solid residue. This, however, was not the case as was shown by experimen 
using a number of elutrients in which thiamine is freely soluble. Thiamine could not be e u e 
by any of them, 

Durther, the filtrates, when tested with mosquito larva? [Aedes [stegomyia) al.hopictns\ 
were found to promote the growth of the mosquito larva? (detailed description o ^ ese 
experiments is given in Part II of this paper (see p. 139, this issue). Thiamine is one 
of the essential nutrients for the proper growth of these larvae, but it was found that thiamine 

( 132 ) 



could be repl.aced by some of its breakdo'wn products present in the filtrate. Further evidence 
lias been obtained by biological experiments with rats and pigeons to show that disappearance 
of thiamine is due to its conversion into biologically inactive (for rats and pigeons) com- 
ponents by the test materials. 

Another possibility to account for the disappearance of thiamine on its addition to food- 
stuffs was combination vuth a specific protein in a manner similar to the inactivation of biotin 
by avidin (Eakiu, Snell and Williams, 1941 ; Woollej’' and Longswoith, 1942). 

Next an attempt was made to find out whether the factor responsible for the inactivation 
of thiamine is tliermolabile. Portions (2’5 g.) of the test materials v ere weighed into 3 flasks 
containing 25 ml. of M/10 acetate buffer (pH 6'6). One flask was boiled for 15 to 20 minutes, 
another was autoclaved for 15 minutes at 15-lb. pressure, while the third remained unheated. 
After the addition of 25 fig. of thiamine, the flasks uere incubated overnight at 37°C. and the 
amount of thiamine inactivated was estimated (Table III) : — 


Table III. 

Effect of boiling and autoclaving on the inactivation of 
thiamine by aqueous suspensions 
of foodstuffs. 


ilaterial. 


Percentage of 
thiamine 
inactivated. 


^ Unheated 

86-4 

Ragi .. .. J 

Boiled 

87-2 

1 

^ Autoclaved 

93-0 


r Unheated 

71-0 

Rice polishings .. • 

Boiled 1 hr. 

29-0 


L Boiled I hr. 

13-6 


r Unheated 

81-0 

Green gram . . . . - 

, Boiled 

78-0 


( Autoclaved 

94-1 


r Unheated 

80-2 

Mustard seed . . ■ 

Boiled 

80-2 


[ Autoclaved 

93-0 


f Unheated 

79-0 

Cotton seed (yellow) • , ^ 

! Boiled 

78-2 


( Autoclaved 

53-0 


f Unheated 

90-2 


( Autoclaved 

93-7 


r Unheated 

76-5 

Linseed . . . . - 

! Boiled 

80-3 


(. Autoclaved 

94-1 


The thiamine inactivating mechanism in the various materials tested, except in those of 
rice pobshings and yellow cotton seed, appeared to be unaffected by heat. This ruled out the 
possibility of the reaction being enzymic in nature. Further proofs of the non-enzymic nature 
of the reaction was obtained by the study of (i) the effect of pH and (n) the relation between 
the concentration of the material and thiamine. (For these experiments only ragi and mus- 
tard seed were used.) The inactivation of thiamine was found to be independent of pH between 
3 and 7, and of the amount of the material, amounts between O'l g. and 2-5 g. were found to 
inactivate the same quantity of thiamine. It was observed that if thiamine was ground up 
with powdered ragi, 2-5 g. of the powder will inactivate 1-2 mg. of the vitamin. 
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, ^ of (he (huninur. iiKtrlivolhiij factor from r<o/i\ — -.A number ol «oK’cnts, given in 

Inblc IV, were employed for the Irinl extraction of tlic aiiti-tlii.'nnine factor from ragi : 

Ta»lk IA'. 

ICxlraclxon of (he and-diiaotixtc factor from raff. 

Extracts equivalent to 2‘5 g. of ragi -b ml. acetate l)ufTcr -}- 2o /«g. thiamine. 


.‘'olvi-nt. 

\ 

I’criod of 
e.’ctractioti 
ill hoiir-i. 

IVrcentngc 
thiamine 
inactivated 
hy (ho extracts. 


21 -(S 

70-0 

1 per cont pociiiiiu ctilorulc 

«• 

Jo. 2 

10 

« » 

7'i> 

10 ,, chlortilo ^nlti. 

• « 


5 ,, .‘•odiiiin nrctnto <-(iIii. 


t>-l 

O'i! acotio noid 


2.a-i 

•T jicr cent alcohol 


2S-S 

20 ,. 

« f 

28-8 

70 

» * 

.'hi-.' 

SO 

♦ » 

•lO'O 

Acetone 

♦ » 

ll'A 

Chloroform-ivntor iiii.Nturo .. 

2 mimUes 

Q4'3 


The factor appears to be soluble in water, but insoluble in solutions of salts, viz. sodium 
chloride, potassium chloride, sodium acetate, dilute acetic acid, alcohol of graded strength 
and acetone. However, it could l)c easily extracted on grinding the powdered ragi with 
chloroform-water mixture (5 ml. of chloroforn\ 90 ml. of water) for only 2 n)inutes. In 
all subsequent exiieriments, this .solvent was used for the extraction of the factor from different 
test materials. That .sucli extract.s were active is shown by the results given in Table Y. The 
effect of boiling and autoclaving (at 10-lb. prcs.surc/or 15 minutes) the extracts on their thia- 
mine inactivating potency was also investigated ; — 

Taui.e Y. 

Inaclivation of thiamine by (he ehloroform-miler mixhirc 
extracts of different test materials. 


Perckntaoi: TaiAJiixu inactivated by 


Jtatorials. 

Original 

extract. 

Boiled 

extract. 

Autoclaved 

extract. 

Kagi 

!U-7 

!M-7 

9S'4 

Slustard 

78-9 

71-1 

63-2 

Cotton seed (yellow) 

59-5 

28-C 

33-3 

Cotton seed 

92'S 

<)2-4 

■ • 

Linseed 

21 -1 

2‘f-i 

« • 
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All tlie extracts were found to be active and their activity with the exception of that of 
cotton seed extract appeared to be unaffected by boiling or autoclaving. 

Effect of dialysing the chloroform-water mixture (C. IF.) extracts of different materials on their 
thiamine inactivating 'potency. — The C. W. extracts of different test materials were dialysed 
for various lengths of time at room temperature (25°C.) in cellophane bags. The undialysable 
portion was tested for its activity towards thiamine (Table VI) : — 


Table VI. 

Effect of dialysis of the C. IF. extracts on their thiamine inactivating potency. 


Materials. 


PERCENTAGE THIAMINE INACTIVATEB. 


Dialysis for 


Oeioikai:. extract. 


Dialysed extract. 


UnboUecl. ^ Unboiled, 

(tor 1 min.). 


Boiled 

for 

1 min. 


Autoclaved 
15 min. 
at 16 lb. 


P.agi .. .. -! 

2*1 hours 

83-0 

1 

•'8 

78-6 


(24 „ 

69’7 

JIustard seed . . • 

48 „ 

70'C 


1 96 „ 

91-7 

Linseed 

48 „ 

36-7 

Cotton seed (yellow) 

48 „ 

53-8 

Green gram 

48 „ 

20-3 



26-2 

33-2 

•• 

71-4 

28-6 

17-9 

• . 

52-8 

76-4 

76'0 

■ • 

70-G 

76-6 

50-0 

32 

. . 

50-0 

18-7 

• . 

35-2 

90-0 

46-7 

40-0 

23-8 

99-7 

38-5 

17-9 

14-9 

76'5 

35-3 

.. 


The C. W. extract of ragi appeared to lose part of its activity on diatysis, while the 
extracts of other materials retained their activity, which was partially lost when the 
dialysed extracts were boiled or autoclaved. This suggests the presence of two factors, one 
being thermostable and dialysable and the other thermolabile and non-dialysable. Further, 
the activity appears to reside in both the fractions, each of which inactivates thiamine 
independently. Further confirmation of this was obtained by testing the anti-thiamine 
po'teiicy of the dialysates from ragi and mustard extracts. Both the dialysates were active 
and retained their activity even on boiling. Eagi, however, contains predominantly the 
thermostable factor. 

The activity towards thiamine of the undialysed C. W. extracts of the different test mate- 
rials was found to be independent of pH between ^ and 7, of the amount of the extracts, and 
the amount of thiamine used for the test. The"^ activity of the undialysable portion of the 
mustard extract, however, though unaffected by changes in pH from 3 to 7, was found to be 
influenced b}' the changes in the relative concentration of the extract and of that of thiamine. 
The rate of inactivation of thiamine by the undialysable portion of the mustard extract was 
found to be directly proportional to the concentration of the \dtamin. 

' Stability of the anti-thiamme factor of ragi. — ^The stability of the factor towards acid and 
alkaline pHs was tested. The extract was brought to pH 10 and left overnight. Another 
portion of the extract was kept overnight at pH 2’0. An extract at pH 6-6 ser^md as a control 
The different extracts were adjusted to pH 6'6 and tested for their activitv towards thiamine 
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(25 /tg.). Tl»c extract was ])crfcet1y stable at pll 2 and ])ir U), was sliown ])y the results given 
in Table YII : — ^ 

Tahu: VTT. 

Stdhilitij of roifi ojirarls of pll 2 ond 1 ( 1 , 



UK. Ihininitic 


•2-() 


('>•« 

22*n 

10-0 



I)iaclivo(io)} of tJnamme preand in i/rasl and liver hp the ejtraclf^ of ragi, mustard seeds and - 
coHon seed . — ^Jlagi extract- was prcpnreil !>y autoclaving it with acetate Inifler. The residue 
was removed by filtration and tlic filtrate was used as a source of the active factor. Tlie C. ^y. 
extracts of mustard seed and cotton seed were cmjdoycd for this experiment. 

To O'o g. of yeast (dried brewer’s) and b g. of ox liver, 10 ml. of extract of ragi, 
mustard or cotton seed respectively were added. The pH was adjusted to 5'6 by the 
addition of i\I/2 acetate butTer, and the flasks incubated overnight at .‘)7°C. Two parallel 
incubations were carried out witli yeast and liver alone and the same with the test 
extracts -}- 20 gg. of thiamine. The amount of thiamine remaining in all the solutions 
was estimated. The relevant data arc given in Table VIII : — 

Tahle VIII. 


Inactivation of thiamine in yeast and liver by the test extracts. 


Mntcrinl.'i, 

fig. THIAMINE. 

Calculated. Pound. 

Percentage 

thiamine 

inactivated. 

liagi cortracl , — 





0‘6 g. yon.st 

• • 


40-3 


10 ml. ragi extract , . 

• • 


0-0 

•• 

0’6 g. yeast + 10 ml, rngi extract 

• • 

40-.3 

0-0 

100 ■ 

0'5 g. yeast + 25 fig. thiamine . , 

• • 

C5-3 

65-3 


0’6 g, yenst + 25 fig. thiamine + 10 ml. 


05-3 

4-1 

93-6 

ragi extract. 





Mustard seed extract. — 





(1) 0'6 g. yeast 


•• 

20-7 

•• 

10 ml. mustard extract 

•• 

•• 

0-0 


0‘5 g. yeast + 10 ml. mustard extract 

• • 

20-7 

4-36 

78-7 

0'6 g. yeast -f 25 fig. thiamine . . 

- • 

45-7 

40-1 

• • 

0’6 g. yenst + 25 /ng. thiamine + 10 ml. 


45-7 

21-8 

51-6 

mustard extract. 
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Table Ylll—concU. 


Materials. 

/ig. 

Calculated. 

THIAHnNE, 

Found. 

Percentage 

thiamine 

inactivated. 

(2) 5 g. liver 

• . 

10-0 

. . 

5 g. liver -f 10 ml. mustard extract 

10 

0-0 

100-0 

6 g. liver -f 25 /ig. thiamine 

35-0 

33-3 

• • 

6 g. liver -f- 25 p.g. thiamine 10 ml. 
mustard extract. 

35-0 

21-1 

40-0 

Colton seed extract . — 




0’5 g. yeast 

•• 

32-2 

•• 

10 ml. cotton seed extract 

• • 

0 

•• 

0'5 g. yeast -p 10 ml. cotton seed extract . . 

30-2 

25-5 

15-6 

0‘5 g. yeast -p 25 /ig. thiamine . . 

55-2 

55-2 

•• 

0'5 g. yeast -p 25 /ig. thiamine -p 10 ml. 
cotton seed extract. 

55*2 

€ 

41-4 

25-0 


All the three extracts destroyed thiamine in yeast and liver, nhen they were mixed ■with 
the latter. With ragi extract complete destruction of thiamine in yeast was observed. 


SXJMMARY. 

1. Certain foodstuffs, viz. ragi, rice polishings, green gram, mustard seed, cotton seed 
and linseed were found to contain a factor which rapidly inactivated thiamine in vitro. 

2. This factor (anti-thiamine) was shown to be soluble in water but insoluble in salt 
solutions and was extracted with chloroform-water mixture. 

3. It was found to be non-enzymic in nature. 

4. On dialysis, the factor was resolved into two components one heat-labile and non- 
dialysable and the other heat-stable and dialysable. Either component was active towards 
thiamine. 

5. Destruction of thiamine in materials rich in thiamine, viz. brewer’s yeast, was 
observed when the factor was mixed with them. 
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Ik Part I of this paper (Bliagvat and Devi, 1944) (p. 131, this issue), it ^yas shown that 
when thiamine was added to aqueous suspensions of certain cereals, pulses and oil seeds, it 
was rapidly inactivated as demonstrated by the absence of thiamine in the reaction 
mixture on testing by the thiochrome method. The inactivation was due to two factors — 
one thermolabile and non-dialj’sable and the other thermostable and ‘clialysable. Both 
factors could be extracted with a chloroform-water mixture. The results obtained by 
the chemical method have since been confirmed by biological tests which provide a final 
criterion of thiamine activity. The test animals used for this purpose were (1) mosquito 
larvffi \Aedes (stegomyia) albopichts], (2) pigeon and (3) rat. 

1. The technique used in the case of the mosquito larva? was that described by Trager 
(1937). The eggs were sterilized by successive immersions in 80 per cent alcohol. They were 
collected on a small filter-paper and introduced aseptically into a tube containing sterile dis- 
tilled water. As soon as the eggs hatched out, 5 larvse were taken out by means of a sterilized 
dropper and introduced into each of the sterilized tubes containing the basal medium -f the 
different test solutions. The tubes were incubated at 30°C. and the growth of the larvae was 
observed dailj' till they reached the 4th instar. This usually took 8 to 10 days. 

The liquid basal medium used consisted of O’l per cent glucose, O'l per cent salt mixture 
(Osborne and Mendel) and 0-2 per cent autoclaved brewer’s yeast extract. It was supple- 
mented with 50 /ig. riboflavin and 50 /ig. irantothenic acid. After adjusting the pH to 6-0, 
5 ml. were pipetted into a series of test-tubes, a kno^vn aliquot of the test solutions was added 
and the volume was made up to 10 ml. The tubes were sterilized for 15 minutes at 15-lb. 
pressure. They were cooled to room temperature and 5 larvae were introduced into each 
one of them. To two tubes after sterilization 2 ng. of thiamine were added. These served 
as control. 

Preparation of the test solution. 

(1) Ragi extract. — 2'5 g. of powdered ragi (Eleusine coracana) was mixed with M/10 
acetate buffer pH 5-6 and incubated overnight with 50 gg. of thiamine. The residue was 
removed on the centrifuge and washed repeatedly with distilled water. The centrifugate and 
the washings were mixed and made up to a known volume. An aliquot equivalent to half the 
solution, on chemical estimation was found to contain 0’2 gg. of thiamine instead of 25 gg. 
Another aliquot was dialysed for 72 hours against distilled water. The dialysate (ED) and 
the undialysable portion (EE) were preserved and portions equivalent to 2 gg. thiamine (on 
the basis of original thiamine content) of both fractions were used for tests with the larva?. 

(2) and (3) Mustard seed and carp extracts. — The extracts were prepared in the same wav 
and dialysed for 72 hours. Both the dialysable and undialysable portions (= 2 g(r, thiamine 
on the basis of original thiamine content) were used. 

(4) Sodium hydroxide-treated thiamine. — A solution containing 100 gg. of thiamine vas 
brought to pH 11 by the addition of 40 per cent NaOH and left overnight. It vas broucht 
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back to pll 4-0 and an aliquot on test.ing Avas found to contain only 0-8 ,ig. tliiaininc instead of 
AO ^tg. Une ml. of the solution containing 2 /xg. of tliian.inc (on tbe basis of original thiamine 
content) was used for tlie cxjicrinient. 

(b) Siilphtte-trcaicd iha7mvc.—'To a .solution containing 300 gg, of thiamine at pH S'O 
a small amount of sodium sulphite was added and the mi.vturc kept .standing overnight at 
room temperature (20°C. to 25^0.). The c.xcc.ss of suljdiitc was removed witirbaryta, excess 
of which was removed by the addition of HoSO.,. The solution was filtered and the filtrate 
was made up to 50 ml. An aliquot on tc.sting was found to contain practically no thiamine. 

O-o ml. of the filtrate (= 2 gg. thiamine on the basis of original thiamine content) was employed 
for the test. ' ' i j 




The growth of the larvic was observed for 10 days. The growth of the larvm receiving 
of pure thiamine was designated and the results are given in the Table 


Taplb. 

Growth response of mosquito hirver. 


» JTcdhim nlonc 


>> 

-1- 

tliinminc' 

.. -b-b-b-b 

l« 

-1- 

thiamine- 

+ 



KE 

• . -b-b 


-1- 

„ q- thiamine’ 

. . q- 4- -j- q. 


4- 

RE 

q-q-q-q- 


-b 

ME 

-b-b-b 


-f 

„ + thiamine' 

. . -b "b -b "b 

♦* 

4- 

MD 

• • -b-bH'-b 


T 

CE 

-b 

» 

+ 

„ -b thiamine' 

. . -b-b-b-b 

ft 

-b 

CD 

• . -b -b + -♦■ 

'T 

-1- 

sulphitc-tieatcil thiamine 

q- 

ft 

-b 

NnOH-trentod thiamine 

. . -b q- 


Thiamine^ = thiamine added after sterilization of the tubes, 

Thiamino°= „ „ before „ „ » 

ME=non-dialysable portion of mustard seed extract. 

MD=dialysablo „ „ „ » 

CE=non-dialysabIe „ carp extract. 

CD=dialysnb]e „ „ 

It will be seen from the Table that mosquito larvse require thiamine for good grov'th. 
Growth in the medium without thiamine was very poor. They could not utilize such break- 
down products of thiamine as are obtained on autoclaving, or on treatment of the vitamin by 
sulphite or HaOH. However, they readily utilize, as judged by growth response, the break- 
down products formed from thiamine by the action of carp tissue. These were shown by 
Krampitz and Woolley (1944) to be 4-methyl-5-hydroxy-ethyl-thiazole and 2-methyl-4-amino- 
5-hydroxy-methyl-pyrimidine. The break-down products formed when thiamine w'as added to 
aqueous suspensions of ragi and mustard seed also stimulated growAh. The nature of these 
products is not yet known ; attempts are being made to isolate them. The growth-promoting 
effect of the extracts could not be attributed to the presence of intact thiamine because (1) the 
two extracts were shown to be devoid of the vitamin by chemical tests and (2) even if sniall 
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amount of thiamine ■was present in the extracts, it would ha-v^e been destroyed when the tubes 
were autoclaved. The thiamine break-down products obtained on autoclaving were unable 
to promote the growth of the larvre. 

2. Test with pigeons {curative and preventive). — ^Eagi extract was used for the tests with 
pigeons and rats. 

Preparation of the extract. — Five grammes powdered ragi were mixed with 25 ml. of 
M/10 acetate buffer pH 5'6 and the' suspension ■was autoclaved for 15 ininutes at, 15-lb. 
pressure. After cooling 1,000 /xg. of thiamine were added and the flask was incubated at 
37°C. overnight ■with toluene as a preservative. The residue was removed on the centrifuge 
and washed repeatedly with distilled water. The washings and the centrifugate were mixed, 
made up to 100 ml. and Altered. A clear filtrate was obtained. One ml. -of the filtrate 
which theoretically should contain 10 /xg. of thiamine, but was found to contain only 0'5 jug., 
was given as a daily dose to pigeons. 

Another extract was made in the same way for injections, but the concentrations of thia- 
mine was so adjusted that 1 ml. theoretically should contain 50 /ug. of thiamine. 'Actually it 
was found to contain only 6 /xg. 

Adult pigeons were divided into three groups, the 1st group containing 6 and the 2nd and 
3rd groups 12 birds eaeh, and fed on a diet composed exclusively of washed raw milled rice, 
which was treated with sulphite to destroy traces of thiamine. The group 1, which served 
as a positive control, was given daily 1 ml. of a solution containing 10 jug. of thiamine, the 
solution being poured into the crop through a pipette. This amount of thiamine was 
found to be suflacient to prevent polyneuritis. Pigeons in group 2 received daily 1 ml. of 
the ragi extract to which thiamine had been added as described above. Group 3 served as 
negative controls. The birds were weighed once a week. 

The pigeons in group 1 (positive controls) lost weight during the first 2 to 3 weeks : after 
this period their weight remained more or less stationary. The negative controls showed a 
rapid fall in weight and after 3 to 4 weeks ; some 67 per cent showed head retraction. The 
remainder died without showing head retraction, post-mortem examination revealing enlarge- 
ment of the heart and pericarditis. The birds sho^wing head retraction were given intra- 
venously 0’5 ml. of ragi extract, which would have contained 25 jug. of thiamine if no break- 
down of the vitamin had occurred. In preliminary experiments this quantity of thiamine 
was found adequate for the cure of head retraction when given by the intravenous route, 
leading to disappearance of retraction in 30 to 40 minutes and a cure lasting 5 to 6 days. 
"When the ragi extract was injected, relief of head retraction was observed in CO to 90 minutes. 
Head retraction recurred, however, within 40 hours. This seemed to be of the nature of a 
‘ false cure ’, such as has been reported after the administration of glucose. The pigeons in the 
2nd gronp receiving ragi extract showed a more gradual fall in weight than the negative 
controls, possibly due to traces of thiamine in the ragi extract, but 8 out of 12 ultimately 
developed head retraction. It was relieved by intravenous injection of 25 /xg. of thiamine, 
the cure lasting several days. These experiments suggest that thiamine added to an aqueous 
suspension of ragi is rendered biologically inactive for pigeons. 


3. Tests {curative and preventive) with rats. — The ragi extract used in these experiments 
was the same as in the pigeon tests, except that it was diluted ■with an equal volume of water 
so that 1 ml.= 5 jxg. thiamine. This is designated treated ragi extract. Eagi extract without 
thiamine is referred to as untreated ragi extract. 

y 

Young rats weighing 45 g. to 65 g. were caged individually over a -wide mesh-screening 
and were fed ad libitum on a basal diet consisting of sucrose 58 g., purified thiamine-free casein 
18 g., salt mixture (McCollum and Davis) 4-0 g., gingelly oil 10 g., and autoclaved' brewer’s 
yeast 10 g. ; one drop of shark-liver oil was given per rat per day. The diet was mixed and 
given in small trays. 


J, MR 
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The experiments were repeated with two separate bat dies of animals. In the 1st batch 
sucrose as obtained from the market was used. This was found to contain tliiamine, resultin'! 
in the prolongation of the time of onset, of thiamine deficiency. Jn the 2nd hatch sucrose 
purified by repeated wasliings witli 95 per cent ethyl alcoliol was employed and the time taken 
for the onset of the deficiency was substantially reduced. 

The rats Avere distributed into the following groups : — 



(Jroup. 

Numlier of rats 
in each group. 

I 11 

pu. thiamine 
fed daily 
per rat. 

ml. ragi- 
t rented extract 
per rat jior day. 

ml. untreated 
rngi extract 
per rat per 
day. 

I. 

Positive control (receiving tliiamine) 

fi fi 


, , 


II. 

Receiving treated ragi extract 

..12 7 


1 

• . 

III. 

Receiving untreated ragi extract 

r> r> 

fl-O 

• • 

■ 1 

IV. 

Negative control (no thiamine) 

12 8 

•• 

• • 

• • 


The vitamin solution, treated and untreated rngi extracts were given in small trays vdth 
a pinch of sugar. After the rats had licked up the solution, the diet trays were put inside the 
cages. In the 3rd grouji, the rats Acerc fed by liand 5 /ig. tliiamine by means of a dropper and 
after a lapse of -an hour, trays containing untreated rngi extracts Avere put inside the cages. 
This precaAition is necessary in order to preA'cnt the inactivation of thiamine in the stomach 
by ragi extract. 

The rats Avere Aveighed Avcckly. TAyiical results are represented in the Graph : — 


GROUP 1. 

POSITIA'E CONTROLS. 


Graph. 

GROUP 2. 


GROUP 4, 
Negative controls. 



Weeks. Weeks. 



■= time of onset of convulsions. ’ It = ragi extract injected. 

T = thiamine injected. D = died. K = killed. 

AVeight curves of rats receiving basal diet supplemented by 6 ^g. thiamine and treated ragi extract 
respectively. \ 


The positive controls grew steadily thereby indicating that 5 fig. of thiamine per rat per 
day is adequate for growth. The negative controls, after 2 to 3 weeks, on the basal diet dechned 
in weight, lost appetite and passed into characteristic convulsions. The sick rats Avere then 
divided into two batches. The 1st batch was given subcutaneously 60 fxg. of pure thiamine and 
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the 2nd hatch 1 ml. of treated ragi extract (to which 50 /tg. thiamine were added). The rats 
in the 1st batch recovered witliin 2 hours and were destroyed 2 to .3 days after recovery wlien 
they showed an increase in weight. The rats in the 2nd batch did not lecover and death 
occurred in 2 to 3 hours. This demonstrates the inaefavation of ihianiine on its addition to 
ragi extract. The rats in the 3rd group did not grow properly at the beginning of the exjreri- 
ment and this was attributed to the intermixing of ragi extract with the vitamin in the gastro- 
intestinal tract, thereby probably inactivating it. This could, however, be prevented by 
feeding the vitamin nearly a hour before the extract was given. tSome of the rats then showed 
gain in weight, which was maintained over the whole experimental period. The animals in 
the 2nd group behaved in the same way as the negative controls with the difference that the 
onset of polyneuritic manifestations, convulsions, loss of appetite, difficulty in the use of the 
limbs, etc., was delayed by a few days possibly due to traces of thiamine in the ragi extract. 
The above signs were relieved on the administration of 50 /ag. thiamine, and the rats gained 
in weight. From 74 to 86 per cent of the rats in group 2 showed typical polyneuritic symp- 
toms. The rat experiments appeared to demonstrate conclusively that thiamine is rendered 
biologically inactive for rats by treatment with ragi extract. 

Discussion. 

In Part I of this paper (Bhagvat and Devi, he. cit.), evidence has been brought forward 
to show the presence of a factor in certain foods, viz. ragi, rice polishings, wheat germ, green 
gram, mustard seeds, cotton seed and linseed, which rapidly inactivated thiamine in vitro. The 
factor was extracted by chloroform-water mixture and was found to be non-enzymic in nature. 
Free as well as combined tliiamine was inactivated by the factor, when the latter was added 
to thiamine-rich materials such as brewer’s yeast. That thiamine is rendered biologically 
inactive when added to ragi extract has also been shown by biological experiments with rats 
and pigeons. Development of polyneuritis in pigeons fed exclusively on rice bran was observed 
by Williams (1929), while Hart, Miller and McCollum (1916) and Rommel and Vedder (1927) 
produced in pigs a condition closely resembling thiamine deficiency by feeding them on diets 
consisting of wheat products and cotton seed respectively. A toxic substance present in 
the outer coats of rice, etc., which appears to destroy thiamine in vivo, was suggested as 
the causative factor. Rice polishings, wheat germ, etc., have a high thiamine content and 
the suggested presence of a thiamine-inactivating factor is somewhat remarkable. The 
presence of a vitamin and anti-vitamin factor in one and the same food is observed in the 
hen’s egg. The yolk is rich in biotin, while the egg white is rich in avidin — the ‘ anti- 
biotin factor ’. 

The observations presented in Parts I and II of this series may affect accepted beliefs 
regarding thiamine requirements and utilization in man. The foods which were found to 
contain the thiamine-inactivating factor are commonly used in India. Tlie factor was found 
to be heat-stable and was shown to destroy thiamine in vitro when mixed with thiamine-rich 
foods. The action of anti-thiamine factors in vivo requires further study. 


gUJIMAEV. 

] . The destruction of thiamine by ragi extract was confirmed by biological experiments 
with (a) larvae of the mosquito— Aecies albopicUts, ((>) rats and (c) pigeons. 

2. Mosqnito larvae were found to utilize the break-down products of thiamine 
produced by the action of ragi extract, though they were unable to utilize break-down 
products of thiamine obtained by autoclaving, or by sulphite or NaOH treatment of 
the vitamin. 

3. Rats and pigeons when fed with ragi extract to which thiamine was added in amounts 
adequate for their growth, developed signs characteristic of thiamine deficiency which were 
relieved by administration of thiamine. 
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Foe the complete liberation of tyrosine, tryptophane, cystine and arginine from 
proteins, hydrolysis for 18 to 30 hours is usually recommended. Folin and Merenzi 
(1929), van Slyke (1911, 1912), and Henriques and Gjaldback (1910) found, however, that 
casein and peptone could be completely hydrolysed by autoclaving the solutions in 3NHC1 
at 150°C. for 90 minutes. Similar results were obtained by Borches and Berg (1942) with 
zein on autoclaving it trith 33 per cent H 2 SO 4 for one hour. More recently, Leiben (1943) has 
shown that the hydrolysis of proteins and peptones at high temperatures could be accelerated 
by certain catalysts, thereby considerably shortening the time required for complete 
hydrolysis. 

In this paper, experiments are reported with different proteins to show that the above- 
mentioned essential amino acids can be completely released on autoclaving the protein solu- 
tions for 30 to 45 minutes at 15-lb. pressure. For comparison, results obtained by other 
methods of hydrolysis are incorporated. 


Esperuiental. 

Seven different proteins from a variety of sources were taken for experiment. Gelatin 
and casein bought on the market were used. The other proteins were prepared according to 
methods given below. All analytical values were expressed as the percentage of total nitrogen 
on an ash- and moisture-free basis. 

Egg albumin was prepared according to the method of Hopkins and Pinkus (1898), with 
the difference that the precipitated albumin was denatured by heating, washed with water 
till free from ammonium sulphate. It was finally washed with alcohol, ac'etone and ether 
and dried in vacuo over sulphuric acid. The total globulins of green gram {Phaseolus radiatus) 
were prepared by the dilution method of Niyogi, Rarayana and Desai (1932), and wheat gliadin 
by the alcohol extraction method as described for the extraction of eleusinin fromragi {Eleusine 
coracana) by Naraj-ana and Korris (1928). Wheat gluten was obtained by washing a dough 
made out of wheat floiu repeatedly with water until all the starch was washed away. Gluten, 
which remained behind, was finally washed vith alcohol, acetone and ether and dried in vacuo 
over sulphuric acid. 

Tapioca protein used in this investigation was prepared as follows : fresh tapioca {Manihot 
ntilissima) roots were cleaned and crushed in a stone mortar with a small amount of water. The 
juice was pressed out and starch removed on the centrifuge. The solution was adjusted to 
pH 5-0 and heated to boiling. The coagulated proteins were separated by centrifugation, 
washed repeatedly with water and finally with alcohol, acetone and ether. They were then 
dried in vacuo over sulphuric acid. A dark-coloured protein was obtained. 

Tyrosine, tryptophane and cystine were determined directly by the method of Folin and 
llerenzi (toe. cit.) with the difference that fuller’s earth (O'l g. per_25 ml. of protein hydrolysate) 
was used instead of kaolin. Preliminary trials showed no adsorption of the three amino acids 
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on fuller’s enrth. A ])ort.ion of ilic liydrolysatc nsed in flic esHniation of cystine was employed 
for tlic colorimetric estimation of arginine according to flic method of Weber (1930). It was 
observed that fuller's earth did not remove substances wliich interfere wifli the arginine estima- 
tion. These interferiin; substances, liowevcr, were removed by adsorption on norit, without 
loss of arginine. The amount of norit- used per 25 ml. of tlie liydrolj'sate was OT g. The 
tyrosine, trypto])liane, cystine and arginine contents of the different proteins are given in 
Tabic I. The proteins were hydrolysed in a boiling water-bath for IS to 20 hours in accordance 
with tlie usual method referred to above. 


'J’able I. 


Tyrodne, h-jjpfophavc, cysliw ami (mjininc conloil of various protmis. 


Prot<-in. 

Tyrosine. 

Trv])liij)iinnf. 

Cystine. 

Arginine. 

Epg nlbmnin 

2-50 

0!V; 

1-33 

4-91 

Casein . . 

"•fi.l 

OT. 

• • 

• • 

Total globulins of grct-ti grain . . 

2'20 

(I-.'.S 

0-S 

G',32 

Wbc.at gluten 

2'-19 


1-GO 

3'5S 

„ glinclin 

I'SG 

0-(!0 

1-S7 

2-5G 

Tapioca protein 

I'fi? 

J-OS 

]'2C 

16-51 

Gelatin 

• • 

•• 

•• 

lS-73 


Liberation of tyrosine, tryptophane, cystine and arginine by atitochving. — The rate of libera- 
tion of the different amino acids on autoclaving was first studied. Casein was used for the 
liberation of tjTosine and tryptophane, egg albumin for that of cystine, and gelatin for that 
of arginine. These three proteins were chosen because they are rich in the particular annuo 
acid under test. Portions of O'] g. of each of the proteins were weighed out and put into test 
tubes, which were divided into 3 series. To one (containing casein), 2 ml. of 20 per cent NaOH 
were added, and to the others (containing egg albumin and gelatin respectively) 2 ml. of 10 per 
cent H2SO4. The tubes were autoclaved at ]5-lb. pressure and 120°C. The tubes were cooled 
and those containing alkali were jicutralized. The solutions were made up to 25 ml. and 
treated with O'l g. of fuller’s earth. An aliquot of the acid hydrolj^sate "was treated with 
norit and the filtrate used for the estimation of arginine. Tp'osine, tryptophane, cystine and- 
arginine were estimated. Results are given in Table 11 : — 


Tabi.b II. 


Late of liberation of tyrosine, tryptophane, cystine and arginine. 


Time of 
autoclaving 

In minutes. 

Casein. Egg ai-bgmin. 

Tyrosine. Tryptophane. Cj'stinc. 

1 

Gelatin. 

Arginine. 

15 

2T6 

0-34 

0-95 

14-04, 

30 

2-63 

0-50 

1-12 

15T6 

46 

2-40 

0-42 

1-27 

18-03 

60 

2T2 

0-30 

1-04 

17-2.3 
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It will be seen Irom Table ll tliat tyrosine and tryptophane seem to be completely 
liberated from casein on autoclaving for 30 minutes, while the complete liberation of cj'stine 
from egg albumin and arginine from gelatin required 45 minutes. If the autoclaving was 
prolonged, loss of the amino acids occurred. 

In order to test the reliability of the method, recovery experiments with different amino 
acids were carried out. One milligram of cystine w'as added to egg albumin and a similar 
amount of arginine to gelatin. After the addition of ION H 2 SO 4 , the tubes were autoclaved 
for 45 minutes at 15-lb. pressure and cystine and arginine estimated (Table III) : — 


Table III. 


Recovery of amino acids added to proteins. 



0 

1 

ACID. 

V Percentage 




recovery 


Added, 

■Recovered, 

of added 


mg. 

mg. 

amino acid. 

Cystine 

1-0 

0-934 

93-4 

Arginine 

1-0 

0-925 

92-5 


The recovery of cystine and arginine added to egg albumin and gelatin respectively was 
almost complete. ^ 

The amino acid make-up of the proteins w'as then investigated. The proteins were 
subjected to autoclaving for 30 minutes for the Hberation of tyrosine and tryptophane and for 
45 minutes for the liberation of cystine and arginine. Table IV gives the results : — 


Table IV. 


Jjiheration of tyrosine, lryj)to2}hane, cystine and arginine 
from proteins by a^ltoclaving. 


Protein. 

Tyrosine. 

Tryptophane. 

Cystine. 

Arginine. 

Egg albumin 

2-55 

0-92 

1-27 

4-95 

Casein . . 

2-54 

0-51 

.. 

- - 

Total globulins of green gram . . 

2-22 

0-57 

0-81 

6-15 

Wheat gluten 

2-4G 

0-53 

1-54 

3-50 

„ gliadin 

1-81 

O-GO 

1-95 

2-G3 

Tapioca protein 

1-63 

1-07 

1-29 

17-03 

Gelatin 

•• 



18-03 


The values recorded in Table W agree well with those given in Table I, thereby indicating 
the suitability of autoclaving as a means of hydrolysing rhe proteins in question. This proce- 
dure involves a considerable economy of time and research material and yields results which 
are in agreement -^vith those obtained by other methods. Another interesting point brought 
out by the results is the adequacy of tapioca protein as regards the essential amino acids 
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tyrosine, tryptophane, cystine aiirl arginine. It is especially rich in arginine, ^'he low 
nutritive value of tapioca root thus npjjcnrs to be attributable to the quantity rather than the 
quality of the protein it contains. 

Summary. 


1. Seven-proteins prepared from a variety of sources, after 38 to 20 liours hydrolysis 
(as recommended in the older methods), were analysed for 4 essential amino acids, viz. tyrosine, 
tryptophane, cystine and arginine. 

2. Complete liberation of the above amino acids was achieved by hydrolysis of the 
proteins in the autoclave for 30 to 45 minutes at 35-lb. pressure and at 320®C. 

3. The results given by the new procedure agreed well with those given by earlier 
methods. 

4. Becovery of cystine and arginine added to j)rotcin solutions prior to autocla-vdng 
was good. 

5. Tapioca protein was found to contain the essential amino acids in question in 
adequate amounts. 
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Boas (1927) discovered that an unusual type of injury vras produced in rats by feeding 
them large quantities of raw egg-white. The rats showed eczema-like dermatitis and loss of 
hair, which could be cured by a factor present in potato, milk, yeast, etc., which was named, 

‘ protective factor X This factor has been extensively studied by Gyorgy (1939), who was 
able to isolate it from liver and called it ‘ mtamin H ’. He showed later (Gyorgy, 1940) that 
vitamin H was similar in its properties to the biotin isolated by Kogl from egg-yolk. 

Egg-white loses its property of causing dermatitis and alopecia in rats when it is heated. 
Eakin, Snell and 'Williams (1941) purified the heat-labile factor, termed it ‘ avidin ’ and 
showed that it combines with biotin, thereby preventing the latter from becoming available 
to the organism. The amount of avidin in uncooked egg-white is more than enough to neutra- 
lize the amount of biotin in egg-yolk, though after cooking the avidin is destroyed. On a diet- 
containing a large amount of raw egg-white, chicks bke rats develop a t}q)ical dermatitis, 
which is cured by biotin (Hegsted, ilills, Briggs, Elvehjem and Hart, 1942). Sydenstricker, 
Singal. Briggs, de Vaughn and Isbell (1942) have recently described the effect of biotin 
deficiency in human beings who were consuming large quantities of raw egg-white. 

There is evidence to show that biotin is necessary for certain lower organisms, such as 
Lactobacillus casei (Shull, Hutchings and Peterson, 1942), and Clostridium bulylicum (Lampen, 
Bahler and Peterson, 1942), and methods of assay for biotin have been developed, based on 
the growth of these bacteria. 

Biotin has also been shown to be necessary for the growth of the floiu’ beetle. Tribolium 
confusum, and also to be required by certain other classes of insects such as Ludlia and Droso- 
phila (Fraenkel and Blewett, 1942 ; Rosenthal and Reichstein, 1942), These studies were 
carried out using synthetic diets which did not contain biotin, and it was found that the 
growth of the insect took place only after the addition of biotin to the diet. 

In view of the above findings, it was decided to investigate whether rice-moth larvEe 
{Oorcijra cephalonica St.) require bjotin for their growth. It was found that on synthetic 
diets containmg raw egg-vhite or avidin concentrates the larvge grew very little and died 
in about 4 weeks from egg-white injury, which, it is clear, is the same as induced biotin 
deficiency. This effect was not seen, if, at an early stage, the larvte were transferred to 
diets containing biotin or biotin concentrates in sufficient quantities. 

Espebdiental. 

The preparation of a diet complete in necessary vitamins, on which the growth of rice-moth 
larvse was as good as on whole wheat, has already been described by Sarma (1943). Briefly 
it is as follows ; whole-wheat flour was extracted with 3 per cent sodium-chloride solution 
for 3 days, coupled with autolysis, to remove the water-soluble vitamins. Sugar and salt 
mixture of McCollum and Davis were added at a 4 per cent level in each caseT Thiamine 
riboflavin, nicotinic acid, pyridoxine and calcium pantothenate were added in the proportion 
of 10 fig.. 0 fig., 50 fig., 5 fig., and 15 fig. per g. of diet respectively. To 5 g. of this diet 
4 ml. of raw egg-white were added and thoroughly mixed. To another portion of 5 g. of diet 
4 nil. of egg-white heated on a boiling water-bath for 6 minutes were added- and the 
diet mixed. 


( 149 ) 



Rice-moth larvoe, wliich liad been fed on ilic w]iole-wlieat diet for 10 to 12 days after 
hatching, Averc put on tlie various diets in petd dishes. Tliey u-erc kept in the incubator at 
30°C. and their growtli studied by taking tlieir wciglits every avccIc, Tal)]e I gives the weights 
of larvro fed on different diets. 


Tahuk I. 

Wayhi of ]arv(v on diets containim/ rinr and coolccd cgg-v'ltilc. 
"Weight in mg. of ten larvte. 


Diet. 

Initial 

weight. 

Weight nfter 

7 dny.s. 

Weight nfter 
14 dny.«. 

Weight nfter 
21 dnj-.s. 

After 

28 days. 

1. 5 g. B.D. -|- nil vitnniiiis -f 4 ml. of 
rnAV egg-'«liit'j. 

4 -SO 

30-10 


2n-(10 

All dond. 

2. 5 g. B.D. -r nil vitamins -p •! ml. of 
cooked cgg-n-liitc. 

4-(U 

r>i-(io 

i.ss-no 

SIOS-GO 

All pupated. 

3. B.D. -t- nil vitamins . . 

l-.A.'j 

4!»-78 

12.'>-(i0 

200-70 

>* 

4. Wliolc-'w heat diet 

4 •('.() 

.'iOTiO 

129-(>0 

210-00 

*> 


From Table J. it is clear tliat there is prc.sent in raw egg-white, a toxic factor which 
prevents the growth of rice-moth larva? and causes death in about 28 days. On heating the 
egg-white, however, the toxic factor is destroyed and the larval growth on such a diet is as 
good as on wliole wheat or on the basal diet -f all vitamins. 

Parsons and Kelly (1933) have shown that the ca])acity of dietary cgg-wliite to produce 
dermatitis in the rat is destroyed by peptic digestion or by mild treatment with hydro- 
chloric acid. But that this effect was not due merely to denaturation was sliown by the 
persistence of the toxicity in egg-white denatured by strong alcohol. Tlie followung experi- 
ments Avere carried' out to discover Avlicther tlie toxic factor Avliicli a.ffects tlie groAvth of larva? 
has the same characteristics as that of the factor described by Parsons and Kelly. 

EaAV egg-Avhite Avas incubated at 37°C. for 24 hours Avith dilute hydrochloric acid of N/2 
strength. A second aliquot of raAV egg-Avhite Avas incubated AA'ith pepsin in acid medium, 
while a third Avas run into absolute alcohol to make a final concentration of 75 per cent. These 
differently treated egg-white preparations AA'cre mixed Avith 5 g. portions of the complete diet 
(i.e. basal diet -}- all vitamins), in the same proportions as detailed above. Larvre fed (m 
Avhole AAdieat for 10 days Avere placed on these different diets and their groAAdh studied. 
Table II gives the results : — 

Table II. 

The effect of treating egg-%vhile by various ivays on the growth of larva\ 

"Weight in mg. of ten larvae. 


Diet. * 

Initial 

weight. 

AVcight after 

7 days. 

Weight nfter 
14 daj’s. 

Weight after 
21 daj-s. 

After 

28 days. 

B.D. all vitamins -f HCl treated 
raw egg-white. 

4-20 

40-43 

los-so 

189-40 

All pupated, 

B.D. -f all vitamins -f pepsin 
digested raw egg-white. 

4-1.5 

39-13 

105-60 

185-60 

» 

B.D._ -h all vitamins -}- egg-white 
denatured by strong aleohol. 

4-50 

2.3-06 

26-95 

22-75 

All dead. 
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Table II — concld. 


Diet. 


4. B.D. + all vitamins + egg-white 

cooked for 6 minutes in a boiling 
water-bath. 

5. B.D. all vitamins -j- raw egg- 

white. 

6. B.D. all vitamins . . 


Initial 

weight. 

Weight after 

7 days. 

Weight after 
14 days. 

Weight after 

21 days. 

After 

28 days. 

4-34 

47-11 

130-00 

208-40 

AH pupated. 

4-44 

28-03 

32-10 

24-00 

AH dead. 

4-3C 

41-81 

128-80 

200-60 

AH pupated. 


Erom tlie results in Table II, it is clear that the toxic factor affecting the rice-moth larvse 
possesses the same properties as the toxic factor present in egg-white, which affects rats, chicks, 
etc. The latter factor is now known as the anti-biotin factor or avidin and has been prepared 
in a concentrated form from raw egg-white. The next step was to prepare an avidin con- 
centrate from raw egg-white, mix it with the diet, and study larval growth on such diets. 

Avidin concentrate was prepared according to the method of Eakin, Snell and Williams 
(?oc. cit.). One hundred ml. of fresh egg-white were added to 400 ml. of acetone and the 
coagulum was washed with 50 ml. of u'ater. It was then thoroughly suspended and washed 
with 200 ml. of 1 per cent sodium-chloride solution and the filtrate retained. The filtrate 
was five-sixths saturated with ammonium sulphate and filtered, the precipitate being discarded. 
The active fraction was then salted out by complete saturation with ammonium sulphate. 
After filtration, the material was dissolved in a small volume of water and dialysed in a cello- 
phane bag against tap-v^ter. The total volume of avidin concentrate obtained was 50 ml. 
Diets were prepared incorporating 2 ml. and 4 ml. of avidin concentrates in 5 g. portions of the 
complete diet. Two ml. of amdin concentrate were steam-sterilized for 30 minutes to 
destroy the anti-biotin factor and then mixed %vith 5 g. of diet. Larva, 10 days old, 
were taken from the whole-wheat diet and put on the above diets. Their weight 
increments are given in Table III : — 

Table III. 

The effect of avidin concentrate on the larvce. 

Weight in mg. of 'ten larva. 


Initial Weight after Weight after Weight after After 
weight. 7 days. 14 days. 21 days. 28 days. 


5 g. B.D. + aH wtamins -j- 4 ml. 
of raw egg-white. 

4-00 

22-10 

34-44 

29-00 

AH dead. 

5 g. B.D. -f aH vitamins + 2 ml./ 

60 ml. of avidin concentrate. 

3-95 

28-1 

72-80 

61-62 

99 

5 g. B.D. aU vitamins 4 ml./ 

50 ml. of avidin concentrate. 

4-IG 

22-70 

64-10 

30-75 

99 

5 g. B.D. -j- aU vitamins -f 4 ml./ 

50 ml. of avidin concentrate 
steam-sterilized for 30 minutes. 

4-27 

30-72 

118-50 

195-60 

AH pupated. 

B. D. -k all vitamms . . 

4-30 

41-25 

125-60 

215-40 

99 


The results indicate that avidin concentrates are as toxic as raw egg-white to the ‘ 
moth larva. Though the larva grew a little in the initial stages, thev died in “^8 dav 
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Rice-inotli larvte, whicli had been fed on the wliolc-wlieat, diet, for 10 to 12 days after 
hatching, were put on tlie various diets in pclri dishes. 1’liey were hej^t in the incubator at 
30°C. and their growth studied by taking tlieir weiglits every wccic. Ta])le I gives tlie weights 
of larvae fed on different diets. 


Taulh I. 

Weight of larvcc o)i diets conlaiiiiiig rou' and cooled egg-v'hilc. 
"Weight in mg. of ten larva*. 


Inilinl WVii'ht nfttT WciRhl nfter Woiclit nfter After 
■weight. 7 M day.,*. 21 day.M. 28 day.s. 


1. 

5 g. B.D. -i- nil vitainiiiH -1- 4 ml. of 
rn'w cgg-'whitL'. 

4-St) 

30- 10 

3.7'(U) 

2!)-no 

All dead. 

o 

6 g. B.D. -i- nil vitamins -{- 4 ml. of 
cooked cgg'-wliito. 

4 -(it 

•'ll -00 

13ST,0 

.208 T.O 

All ptipatcd. 

3. 

B.D. all vitamins . . 

l-.'i.'; 

40-7.S 

i2.';-r>o 

200-70 


4. 

Wholo--a heat diet 

4-r.o 

.'■.o-c.o 

121CC.0 

210-!)0 

#♦ 


From Table I. it is clear that there is jtro.scnt in raw cgg-wliitc. a toxic factor which 
prevents the growth of rice-moth larva* and cau.scs ilcath in about 28 days. On heating the 
egg-white, however, the toxic factor is dc.stroycd and the larval growth on such a diet is ns 
good as on whole wheat or on the luisal diet all vitamins. 

Parsons and Kelly (1933) have shown that the ca])acity of dietary egg-white to produce 
dermatitis in the rat is destroyed by ))eptic digestion or by mild treatment with hydro- 
chloric acid. But that this effect was not due merely to denaturation was shown by the 
persistence of the toxicity in egg-white denatured by strong alcohol. The follo\nng experi- 
ments were carried' out to discover whether the toxic factor which idfects the growth of larva) 
has the same characteristics as that of the factor dc.scribed by Parsons and Kelly. 

Raw egg-wliitc was incubated at 37°C. for 2‘1 hours with dilute hydrochloric acid of N/2 
strength. A second aliquot of raw egg-white was incubated with pepsin in acid medium, 
while a third was run into absolute alcohol to make a final concentration of 75 per cent. These 
differently treated egg-white preparations were mixed with 5 g. ])ortions of the complete diet 
(i.e. basal diet + all vitamins), in the same proportions ns detailed above. Larva) fed on 
Avhole wheat for 10 days were jilaced on these different diets and their grovdli studie 
Table II gives the results : — 

Table II. 

The effect of treating egg-tvhite by various ways on the groreth of larva- 

"Weight ill mg. of ten larvte. 



Diet. ■' 

Initial 

weight. 

Weight after 

7 days. 

Weight after 
14 days. 

Weight after 
21 days. 

After 

28 days. 

1. 

B.D. -p all vitamins -f HCl treated 
raw egg-white. 

4-20 

40-43 

lOS-SO 

189-40 

All pupated. 

2. 

B.D. -}- all vitamins -p pepsin 
digested raw egg-white. 

4-1.5 

39-13 

105-00 

185-00 

»» 

3. 

B.D., -p all vitamins + egg-white 
denatured by strong alcohol. 

4-.50 

23-00 

20-95 

22*75 

All dead. 



Summary. 

1. Egg-white injury cnii be produced in rice-moth larvro by feeding them on a diet contain- 
ing raw egg-white. The larvre fed on such a diet die .off in about 4 weeks. 

2. The toxic factor in raw egg-white is destroj^ed by mild acid hydrolysis, and by peptic 
digestion. The to.xicity is not lost on denaturation with strong alcohol. 

3. The toxic factor, which is present in the protein fraction, is present in an avidin 
concentrate prepared from raw egg-white. 

4. The growth response of biotin-deficient larvae appears to be proportional to the 
amount of biotin present in the diet. 
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"Wide variations- in the stability of vitamin A under different conditions have been 
reported (Wokes and V’illimott. 1927 ; Drummond and Hilditch, 1930 ; Marcus, 1931 ; 
MacWalter. 1934 ; Smith. 1939). When properly stored cod-hver oil has been found to 
retain its vitamin A content for long periods {.Jones. 1928, Evers, 1929 , Ewe, 1933). 
However, Ivengar and Jlukerjee (1939) observed that 69 per cent of the sam^es of 
imported cod-liver oil examined by them were below the specifications of the British 
Pharmacopoeia (1932), and suggested that the conditions of storage m the tropical 
climate may play an important part in the maintenance of f’ce qualiti of ccM-liver 
oils. In this laboratorv Raniasarma, and Ramaswainy and Baneijee ^ (unpubbshed 
results) have obsen^ed that the vitamin A in ^ shark-liver oil prepared in ^dia was 
destroyed rapidly on keeping. Experiments carried out by the author on the extent 
of destruction over long periods of storage under normal conditions are reported in 
this paper. 

Three methods are available for the estimation of vitamin A : (f) the biological, [ii) the 

physical (measurincr the absorption of ultra-violet light at 3280 A on the quartz spectrophoto- 
meter or the simnlified Hilger vitameter A), and (m) the chemical (measuring the intensity of 
the blue colour resulting from reaction with antimony trichloride in the Lovibond tintometer). 
With pure vitamin A the blue colour of the Carr-Price reaction exhibits an absorption maximum 

at 6100-6200 A, and the determination of the extinction coefficient at that wave-length has 
been adopted by many workers as a more accurate method for the estimation. .Jensen 
and With (1939) and Eujita and Sakamoto (1941) have determined the intensity on the 
Pulfrich photometer using the filter S.61. This instrument has been standardized for the 
estimation of vitamin A in Indian shark-liver oils. 


Experijiental. 

A number of samples of shark-liver oil were bopght from different localities and 
their vitamin A contents determined within a week after their receipt. The oils were 
stored at room temperature in the dark and in the same bottles in which they were 
supplied. At intervals, the vitamin A was estimated. The determinations were made on 
the unsaponifiable matter in alcohol on the Hilger vitameter A. Some of the results are 
given in Table I. 

Commercial shark-liver oils A, B, C and D were diluted with ground-nut oil by the 
suppliers. 
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Tablk I. 


Destruction of vitamin A durviff storaijr of .sharh-Jirer oil. 


.Sampln of nil. 


P<>rio(l of 
stornKo. 

Vitamin A 

K J V laoft, 

1 cm. 

Percentage 
loss in 
vitamin A. 

Pure slmrk-livcr oil 

,/ 

i 

0 

ft weeks 

•I.-ISO 
.3, -100 

24 


23 months 

1,800 

5S 

Commercial slmrk-livcr oil .A 

/ 

ft 

•1 months 

700 

r.3f) 

24 


I 

" .. 

•180 

31 

Commercial .shark-liver oil 11 

• • 1 

0 

1,180 



1 

H Week's 

ftift 

2.7 

Commercial shark-liver oil C 

.. 1 

0 

1.1.70 

, , 

i 

is months 

800 

40 

Commercial sharlt-livcr oil I) 

.. 1 

ft 

700 

. . 

1 

IS nionlhs 

3S0 

oO 

Upjohn’.s cod-li^ er oil 

1 

ft 

11 months 

1.300 

1,310 

’4 

Estimation of vitamin 

V ON THE 

PuLFBicn 

PnOTOMF-TEB, 



A solution of the sliark-liver oil in chloroform {0-3 c,c.) was placed in a 1 cm. cell, a drop 
of acetic anhydride was added and 3 c.c. of a solution of antimony trichloride (saturated at 
20°C.) in purified cliloroform was quickly drop})cd in from n microbnrette. Tlie extinction 
value was taken with filter S.Gl as soon as pos.sihle after the addition (within 3 seconds) by 
rotating the graduated drum, so that the two halves of the field of view were uniformly 
illuminated. Tliree to 5 readings were taken, tlie cells interchanged and corresponding 
readings taken on the other side. The mean value was given as the result. 

Tests with three samples of oil showed that Beer’s law was obeyed fairly closely below an 
extinction value of 0'5 ; above that the E value was not directly proportional to the concentra- 
tion of the oil in the solution (Table II). But, rnth the unsaponifiablo fraction of the oil, Beer s 
law was obeyed at much higher concentrations also. 


Table II. 


Colour reaction 

and Beer’s 

law. 


Weight of oil „ 

E X 10 

E value. 

E X 10 

DRinpie 01 on. m ceji, -yy-r — 

mg. 

Weight of oil. 

{via Tinsap.). 

Weight of oil. 



1 

■ 

0-76 

0‘116 

1-63 

0-16 

2-0 




1-50 

0-22 

1-47 

, • 

2-6 

A 

1 


3*0 

0-43 

1-43 

0-60 




4-6 

0-675 

1-28 

. . 

% • 




, 9-0 

0-816 

0-91 

1-7 

1-9 
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Table II — cmcld. 


Wei^tht of oil 

Snmple of oiL in coll, 
m 3 . 


_E _ ^ x_10 E value. E x 10 

Value. Weight of oil. (via unsap.). Weight of oil. 


B 


C 



0'76 

0 - 13.5 

1-7 

0 -lS 

2-4 

l-oO 

0-26 

1-73 

, , 

, , 

3'0 

0-51 

1-7 

0-71 

2-37 

4 -fl 

0-015 

1-37 

1-1 

2-47 

0-0 

0-89 

0-09 

, , 

, , 

30-0 

1-21 

0-04 


•• 

0-2 

0-24 

12-0 



0-25 

0-29 

11-6 


, , 

0-6 

0-605 

12-1 


, , 

1-0 

1-05 

10-5 

, , 

. , 


Me.isurements in routine analysis were made on tlie whole oil, between extinction values 
0-3 and 0-5. The extinction coefficient has been calculated as suggested by Jensen and With 
(he. cit .) : — 

B ^ °° S.61 = where En denotes the mean value of n experiments, s the thickness 

1 cm. s X c r > 

of the cell, and c the concentration expressed in g. per 100 c.c. of the solution of oil in the 
cell (original solution plus reagent) and therefore 1/11 of the concentration of the original 
solution. 


10 / \ ^/ ^ » 

The relation between B , and E , at 3280 A was determined for 10 samples of oil 

1 cm. 1 cm. ^ 

(Table ni) 


Table III. 


Determination of the conversion factor. 


Sample of oil. 


B 


1 % 

1 cm. 


■' 1 cm. 
Vitameter. 


B 


1 % 

I cm. 


E 


1 % 

1 cm. 


Vitamin A 
in I.U. per g. 

1 0/ 

E , X 1600 
1 cm. 


I.U. per g. 

b/%“ 

1 cm. 


1 

34-3 

20-40 

1-68 

32.640 

950 

2 

. 33-3 

16-0 

2-01 

26..500 

800 

3 

23-1 

13-0 

1-70 

21,760 

040 

4 

13-3 

7-4 

1-80 

ll.StO 

890 

5 

7-59 

6-8 

1-12 

10.880 

1,430 

6 

4-73 

3-6 

1-31 

5.760 

1,220 

6 

4-73 

• 2-8 

1-69 

4,480 

950 

7 

6 - 2S 

3-3 

1-60 

5,280 

1,000 

7 

5-28 

* 3-0 

1-76 

4,800 

910 

8 

3-46 

1-74 

1-99 

2,780 

800 

9 

1-23 

0-38 

3-24 

610 

500 


0-76 

0-28 

2-71 

450 

590 

Avehaqu .. 



1-92 


910 


J, ME 


Determined on the unsaponifiable matter. 
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ilie extmctiou coellicient at .')l28() .A uvis nieasiirofl on tin* ^\■jlole oil in petrol solution 
on the Hilger ritaiueter A. A’itainin A potency in terms of international units per gramiue 
of oil was calculated using the conversion factor IROO. On this basis, the factor for 

converting B ^ into international units for sliark-livcr oil worked out to bo 910 (average). 

The extinction coefficients determined on the Ifilgcr vitametev A agreed very uell witli 

those measured at 3280 A using the Hilger quart;c spectrograph (E.31G) fitted with the 
Spekker pliotometer (Table TV) ;~ 

Tablk IV. 

Accunici/ of Ihv vUdinctcr .1 and irrelevant uUrn-violcI absorption 

by the oil. 


Sninplfc 
of oil. 


Wlifilf oil 
I " 

E , '' vitnmotfr. 

1 cm. 


U.ss.iroNjnAni.j; rnACTios, 

JO J (1 

li , " vitnmeter. K , " sncctropmoh. 

1 cm. 1 cm. ^ * 


(J 


■2-so 

2-sr, 

7 

:i-s 

;i07 

.I'on 

A 

7--J0 

7-10 

7-20 


The extinction value on the vitameter A was noted at tliree diflerent concentrations of the 
oil, at least five readings being taken at each concentration. Tlic mean i-alue for 
was given as the result. 

An ajipreciable proportion of (lie absorption at 3280 A in tlic wliolc oil i.s .seen to be due to 
factors other than vitamin A wliich can be removed by saiionification. The unsaponifiable 
matter was isolated by Kajagopal'.s (1911 ) modification of the motliod of ICdisburv and Morton 
(1935). Absolute alcohol was used as the solvent for the estimation. 

Discvssrox. 

The vitamin x\ in commercial samples of shark-liver oil was destroyed rapidly on keeping 
in the dark at room temperature (20T. to SO^C.). Bundararajnn (private communication) 
at the Nutrition Kesearch Laboratories. Coonoor, observed an average loss of over 53 per ^nt 
in 11 samples of undiluted sliark-liver oil kept at 38°C. in an incubator for 18 months. _ One 
of the reasons for the comparatively lower vitamin A potency of shark-liver oil bought m the 
market is possibly the destruction of the vitamin during the period of storage before reaching 
the consumer. In the interests of the future of the industry in India, a systematic study oi 
the methods of manufacture and preservation of shark-liver oil is necessary to find out the 
causes of this deterioration in order to prevent it. 

It has been found that the blue colour produced by the reaction of vitamin A with anti- 
mony trichloride can be measured more easily and accurately on the Pulfrich photome er 
using the filter S.61 than on the Lovibond tintometer. Even with considerable experience i 
is difficult to get a perfect match on tlie latter instrument. The interference of the red compo- 
nent, particularly in rancid oils, was eliminated by the filter. 

The ratio of the extinction coefficient of the Carr-Price reaction at its absorption maximum 

(S,61) and the extinction coefficient at 3280 A is of great importance in determining the utility 
of the reaction as a quantitative method for the assay of vitamin A. Jensen and With (loc. 
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ciL), working wit'll livers of different species of animals, obtained a ratio less than that reported 
in this paper. The variation in this ratio (Table III) is wide which indicates "that the 
Garr-Price reaction when carried out on the whole oil is of limited utility. 

The factor for converting B j for shark-liver oil into international units varied 

from »00 to 1430- in 10 samples, with an average of 910. With (1941) reported that for 
various substances tested, the factor ranged from 500 to 2000. The higher conversion 
factors noted for samples 5 and G were due to the irrelevant absorption by the glycerides 

at 3280 A, since on removing the interference by saponification, the values fell near the 

average. By determining the B value also on the unsaponifiable matter, possibly, 

the factors can be obtained within a narrower range, since Rajagopal (loc. cit.) and Seshan 
(1940) have shown that the development of maximum colour is inhibited in the whole oil. 
Edisbiiry (1910) has demonstrated that the irrelevant absorption is considerable in low 
potency oils, which has been found to hold good in shark-liver oils also (Table IV). 

The values obtained on the Hilger vitameter A were in close agreement with those on the 
Hilger quart;; spectrophotometer. A satisfactory figure can be arrived at on the former 
instrument from the mean of three determinations at different concentrations, at least five 
readings being taken at each concentration. Ewing ei al. (1940) have reported favourably 
on the vitameter A. Irish (1936) and Wilkie (1937) concluded' after a collaborative study of 
a number of laboratories, that provided the manipulations adopted are the same, fairly con- 
cordant results can be obtained. Holmes el al. (1937) recommended that, in order to increase 
the accuracy, the vitameter A should be standardized against a spectrophotometer. It has 
been observed that unless care is taken to adjust the arc in line with the centre of the filter 
when the fluorescent lines will be of equal length, large errors will be introduced. 


Summary. 

1. The vitamin A in commercial samples of shark-liver oil is gradually destroyed on 
keeping. A systematic inquiry into the causes of the loss and the methods of preservation 
is necessary. 

2. The Pulfrich photometer has been standardized for the estimation of vitamin A in 
shark-liver oil by the Carr-Price reaction. The factor for converting B ^ into international 
units per gramme is 910 (average). 

3. Provided the mean of a number of readings is taken, the Hilger vitameter A gives 
results as reliable as the spectrophotometer. In low potency oils there is considerable 
irrelevant absorption in the ultra-violet region. 
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STUDIES ON THE DESTRUCTION OF VITAMIN A 
IN SHARK-LIVER OIL. 

Part II. 

DEVELOPMENT OE ACIDITY DURING STORAGE OF LIFERS. 

BY 

S. DATTATREYA RAO, 

AND 

B. N. BANERJEE. 

(An Inquiry under tJie Indian Research Fund Association.) 

(From the Department of Biochemistry, Indian Institute of Science, Bangalore.) 

[Eeeeirod for publication, Jlay 27, 1044.] 

■■ The quality of shark-liver oil will depend on a number of factors, such as the condition 
of the liver prior to the e.'ctraction, method of extraction, extent of exposure to light and air, 
preseuee of pro-oxidants particularly metals and metallic compounds, and presence of anti- 
oxidants. This paper deals with the first of the factors, being a comparative study of the oils 
extracted from livers preserved for different periods and under different conditions. 

The British Pharmacopoeia (1932) specifies that the acid value of cod-liver oil should be . 
less than 1‘2. Ganpule and Sarangdhar (1943) have reported values within this limit for a 
number of samples of shark-liver oil extracted by them. Commercial samples of pure shark- 
liver oil tested in this laboratory were, however, found to have an undesirably high free fatty 
acid value, i.e. 5’0 to 15'0, which indicated that the livers used for the preparation of the oils 
were not fresh and had been preserved under unsuitable conditions. Rangaswami (1942) 
obtained similar high values for the acidity. The presence of free fatty acids in an oil has 
been claimed by some workers to have an accelerating effect on oxidative rancidity (Green- 
bank. 1936 ; Greenbank and Holm, 1924) ; but Lea (1938) (quoted by Brooklesby, 1941) 
found no such effect. Further, it is well known that vitamin A is destroyed rapidly 
by rancid fats (Fridericia, 1924 ; Po«ick, 1925 ; Wokes and Willimott, 1927 ; Smith, 1939). 
Dann (1932) observed that vitamin A was oxidized more rapidly in acids than in alcohols or 
esters. Hence the inquiry into the cause of high acidity and its prevention in shark-liver oil 
attains additional importance from a practical point of view. 

Drummond and Hilditch (193' ) studied the relationship between the time of storage of 
cod livers at a temperature not exceeding 5°C. and the quality of the resulting oil. They 
noted a progressive increase in the free fatty acids and colour with ageing of the livers and a 
progressive loss in yield of oil due to the format'on of emulsions. Brocklesby (loc. oil.) reported 
that halibut livers, if not processed whilst still fresh, gave an oil that was unusually high in 
free acids. No decrease in the rate of production of free acids was observed by these workers 
when mild antiseptics such as common salt were used to preserve the livers and they concluded 
that the natural enzymes present in the liver tissue were responsible for the deterioration of 
the oils. Brocklesby and Green (quoted by Brocklesby, loc. cit.) found that borax (2 per cent) 
and formalin (0’25 per cent) kept halibut livers fairly free from bacterial decomposition for 
a week ; in the former there was little, if any, loss in vitamin A but with formalin rather serious 
losses were obtained. The free fatty acid content was not determined by the authors. 

The liver oil industry in India is still in its infancy and has not been developed to the same 
high technical standard as in foreign countries. It is, essentially, a cottage industry and a 
by-product of the fishing industry since the sharks are caught not so much for the livers as the 
body which is edible and more valuable. 
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To economize on labour and fuel, and ensure a liigli recov’eiy of the oil, in certain areas 
the livers are irnnsportecl to a central factory, thus causing a delay of one to three days in 
rendering. If the catch of .shnrlv.s liappcns to be small, the livcis arc stored till a sufficiently 
large quantity becomes available. During the interval common .salt is generally used as the 
preservative against putrefaction, the larger livers being chopped into small pieces before 
salting. Experiments described bclmv indicate that, under the tropical conditions, this 
method is not suitable. Tcc vas not used ns a preservative since it is not practicable at 
this stage of the industr}-, 

Experimkntai,. 

A number of small, fresh shark livers (2 11). to 3 lb.) vhich generally consist of tvo lobes 
were cut in the middle and tlic corrc.sj)onding halves mixed to form two batches. The oil from 
one batch was extracted immediately by boiling in water in an enamelled })asin for half to one 
hour. The contact of hot oil with air was minimized by skimming off the oil as soon as it 
collected on tlie water. TJic other hatch of livers was ))rc.sorvcd I'y adding 20 per cent of its 
weight of common salt. It was observed that salt generally drew out ])art of the water from 
the livers which shrivelled slightly. After a definite ))crind the salt was wa.shcd off and the 
oil extracted as described above. The results of analyses of the samples of oil obtained 
from a number of such experiments arc summarized in Table I : — 

Taulf. I. 


Storage of Ih'ers and qualitg of the rcstd'ing oil. 


Experiment. 

Period of 
storage, 
liours. 

Yield 
of oil, 
per cent. 

CoLOcn 

Yellow. 

or OIL. 

Rod. 

Acid vahio. 

Vitamin A 

1 O' 

B 

1 cm. 

, fA •• 

Fresh 




0-30 

4-24 


.n 

18 

• . 

• • 

. . 

n-i 

3-25 - 

0 , 

'A 

Fresh 

IS 

M-1 

0 

0’4S 

S-7 


. B 

42 

13-C 

32-1 

n-r. 

0-fM 

7-20 

3 ■ 

A 

Fresh 

17 

•• 


0-29 

1-6 


[b 

00 

11-6 

•• 

• • 

17-S4 

1-3G 


f A 

Fresh 

22 

18-0 

0 

O'] 3 

3-85 

4 









iB 

00 

12-5 

22-6 

fl*0 

lO'l 

2-20 


f A 

Fresh 

30 

3-n 

0 

0-42 

0-62 

6 1 







0-G4 


^ • * 

240 

10'8 

27-0 

8-7 

34-75 


The colour of the oil is expressed in terms of yellow and red Lovibond units for 1 cm. 
thickness of oil. When the oil was too darkly coloured it rvas suitably diluted ^yith chloro- 
form before measuring the colour. The vitamin A was determined by the Carr-Price reaction 
on a Pulfrich photometer as described in Part I of this paper (.<tce p. 155, this issue). The 
acidity was expressed as mg. of potash per gramme of oil. 

The influence on the resulting oil of intimate mixing of the liver with salt, instead of 
preserving it whole, was next studied. A medium sized liver (weighing 10 lb.) was thoroughly 
minced with a meat-mincer and a portion of it mixed with 26 per cent cominon salt and stored. 
The rest was treated immediately. At intervals a fourth of the preserved liver was extracted, 
no attempt being made to wash off the salt. It was observed that during the preservation 
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some oil oozed out from tlic liver. The experimcnl: %vas repeated (II) with another liver 
(weighing II lb.) the concentration of salt used for preservation being 20 per cent. The 
results are given in Table IT : — 

T.Ani.E IT. 


Sinwge of livers after vuncing and quality of the resulting oil. 


Esperiment. 

Period of 
storage, 
hours. 

Yield 
of oil, 
per cent. 

CoLonn or on,. 

Yellow. Bed. 

Acid value. 

Vitamin A 

® 1 cm. 


A 


Fret'll 

.. 

160 

0-6 

0'6 

32-34: 


B 


to 

20-0 


•• 

3-02 


I ^ 

C 


07 

21-0 

18-0 

2-0 

3-76 

31-35 


D 


115 

23-3 

22-0 

2'6 

6'1 

32-0 


r. 


2.S4 

20-0 

•• 

•• 

6-15 


Mcnn 



21*2 




31-0 


A 


Fro'ih 

.. 

9-9 

0-3 

0-76 

21-34 


B 

• • 

40 

25'G 

•. 

• • 

2-10 

• • 

II' 

. 0 

** 

67 

27'8 

12-9 

0'9 

4-06 



T> 


115 

28-0 

20-1 

2-4 

6'65 

20-0 


1 E 

•• 

254 

23-0 

•• 

•• 

7’36 

21-1 

Mean 

•• 


20-1 




21-1 


The rapid increase in free fatty acids and colour observed in Table I is reduced greatlv 
by initial mincing of the liver and the loss of oil avoided (Table II). The increase in red 
units which is responsible for the dark colour was out of proportion to the increase" in the 
yellow component. 

Discussion. 

The usual method of preserving livers did not prevent the rapid increase in free fatty 
acids. If the liver tissue was disrupted to a certain extent by efficient mincing before the 
salt was added, the rate of development of acidity was considerably reduced. Though enzyme 
action did not appear to be inhibited completely, the hydrolysis proceeded much more slowly. 
Even then the increase was greater than that observed by Drummond and Hilditch (he. cif.) 
inth cod livers preserved at 5°C. It might possibly be due to the temperature of preservation 
being much high.er (nearly 3o°C.) and neater the optimum for enzyme action. These workers 
specify that only livers preserved at 0°C. and not more than 18 hours old should be used in 
fhe preparation of medicinal cod-liver oil. Under the tropical conditions, even a few hours’ 
delay may be expected to produce hydrolytic rancidity in the oil to the same extent as 
preservation for 18 hours at O^C. 

The oil from preserved livers had a dark colour compared to the golden yellow from fresh 
ones. The former invariably possessed an unpleasant sour odour, whereas the latter 
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fishy but quite tolerable. The development of colour and unplensant odour in minced livers 
vras slower. 

Another serious disadvantage in preserving livens is tlie loss of oil due to the formation of 
emulsions. Brocklesby {he. oil.) explained that emulsification was promoted by the action of 
soaps formed b 3 ’’ the combination of ammoniacal bodies and free fatty acids which are products 
/ of liver autolysis, Tiic uniformly good recovery of oil from livens minced before jneservation 
might be due to the fact that the salt which was not washed off prior to rendering dissolved 
in the water and prevented emulsification. Actually the separation of oil from the stick-water 
and foots was quicker and more satisfactory. 

The results in Table II indicate that no vitamin .V wa.s destroyed during tlie preservation 
of livers, the oil from preserved livers having the same potency ns that frem fresh livers. 
This was observed by Drummond and Ililditch (foe. cil.) and Brocklesby (Ivc. cil.) also. It 
is possible that the dificrcnccs in vitamin A noted in the (ir.st four experiments in Table I were 
due to the unequal distribution of vitamin A in the different parts of the liver. Popper and 
Brenner (1912) demonstrated that in the bvpcrvitaniiiiotic rat the excess of vitamin A was 
stored in the Kupfer cells which arc not regiilarlv distiibutcd in the liver. The same condi- 
tion might exist in sliark livers also. 

The results which are of practical importance clcarlv indicate that to produce an oil of 
low acidit}* and tolerable odour absolutely fresh livers liave to 1)C used. Under exceptional 
circumstances livers may be stored for a few hours in salt after ollicicnt mincing. 


SUM.MAUV. 


Though the vitamin A potency remains practically unaffected during the preservation 
of livers with salt, the free fatty acid content, colour and odour of the resulting oil increase 
rapidly. Prelinrinary mincing of tiic livers appears to retard these undesirable changes con- 
siderably. To produce a high-grade oil livers should bo rendered within a very short time 
after landing the sharks. 
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Although vitamin C or ascorbic acid was synthesized in good yield by Eeichsi^ein and 
Gruessuer as early as 1934, the search for rich natural sources of this vitamin is going on 
unabated even in the present day. The pure synthetic ascorbic acid is manufactured cnly in 
countries where the industry of fine chemicals has been well established. In countries 
like India, China, etc., where the fine chemical industry is practically non-existent, the manu- 
facture of synthetic vdtamins is not accomplished and hence such countries are entirely 
dependent upon foreign imports. After the advent of the present world war, the importation 
of these synthetic vitamins was naturally restricted, and the acute shortage of these valuable 
products has been felt. Even in Western coimtries where the synthetic production of vitamin 
C has been well established, the manufacture of vitamin C concentrates from natural sources 
is undertaken extensively. It should, therefore, be concluded that synthetic production 
is not enough to meet the demands even in such countries. 

In an investigation for natural sources of vitamin C, it was discovered (Sabalitschka, 1940 ; 
Pyke and Melville, 1942) that rose-hips contain 100 mg. to 400 mg. of vitamin C per ICO g. 
Some species (R. corifolia) have been reported to be very much richer. Unripe walnuts (Pech- 
niksva, 1940 ; Eanganathan. 1942) were also found to be very rich source containing 410 mg. 
to 1,800 mg. per 100 g. Scientists in the Soviet Union have reported that pine needles 
have been used for the manufacture of Autamin C concentrates. 

In India among the various plant sources tested it has been found that amla (the Indian 
gooseberry) is a good source for ascorbic acidf (Damodaran and Sreenivasan, 1935). Tablets 
containing dried pulp of the berries have been manufactured. On account of the presence of 
tannin, the tablets do not appear to be palatable. 

Pine needles do not appear to have been tested for vitamin C in India, probably 
due to the fact that they are not edible. Needles of Finns longifolia are available in 
unlimited quantities on the lower Himalayas. 


Materials and methods. 

Pine needles were collected at Kasauli (Punjab) and the end-portions were cut off since the 
distal end was dried up and the proximal end was woody. The middle portions were collected 
and 5 grammes of a representative sample taken for the determination of vitamin C. Estima- 
tions of vitamin C were made by the specific and accurate chemical method introduced by 
Tillmans (1932). The technique followed was that described by Harris and'Ray (1932) and 
Harris and Olliver (1942). 


* An abstract of this paper was prwented to the Indian Science Confess, January 1944. 
t Dried amla powder which was kept for some time was tested by ns and found to contain between 2 mg. and 
3 mg. of ascorbic acid per gramme. 
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Four major precautions sliould be observed in order <o obtain nreurnte results in tlic 
titration of vitamin C by tliis metliod : (1) represent alive sampling, (2) romplctc extraction, 
(3) provontion, of oxidation, and (J) rapid performance of the titration itself (Harris and 
Olliver, he, cU.). All these precautions were rigidly followed in our work. In addition, the 

extracts were also titrated against iodine ns a further chock on the possible presence of 

non-specific reducing agents. The rcsnlt.‘^ arc given in Table T ; — 


TABLr. I. 


Vifawiv (' ronfnil of jnne 7irallcs. 


.'i'atnjilc 

number. 

•Mff. of vitamin 
O/JOO jr. 
llarri*; ami 
Ilay'v mot bod. 

Mf,'. of vit.aniifi 
C/100 rr. 
by iodine 
tit nation. 

1 

122 

12P 

O 

104 

112 

.a 

MS 


4 

lOS 

11 1; 


ir.r. 

If..'') 

0 

!)l» 

Il»!> 


Pine necdlc.s cast from the trees were gatliercd from tlie ground and tested for vitamin C. 
.They were found to contain only from So mg. and *10 mg. of ascorbic acid per 100 p. The 
needles of young pine trees under '1 feet high were found to be of paler preen colour and were 
more fleshy than the needles of older trees. Tlie vitamin f content of some representative 
samples from young pine plants was estimated (Tnklo IT). . . 


Taui.r 11. 

Vifaviin C content of needle,’^ from young pine trees. 

Snmplo 

number. 

Dj’c method. 

Iodine method. 

] 

ISO 

106 

2 

142 

102 

»> 

15S 

164 

4 

164 

170 

5 

140 

148 


In general, it was found that the values obtained b)^ iodine titration were not very roue 
liigher than those obtained by the dye method. It is. therefore, likely that the reducing 
action of tbe extracts can be attributed chiefly, if not wholly, to vitamin C. 
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The direct titration with the dye fails to detect : (1) reversibly oxidized ascorbic acid and 
(2) combined ascorbic acid. It is now recognized that these two forms of vitamin C are biologi- 
cally active and hence ascorbic acid does not represent the total vitamin C content. These 
pine needles were, therefore, tested for the presence of these two forms by the appropriate 
methods. 

(1) Reversibly oxidized ascorbic acid . — This was tested for by passing H 2 S through the 
original acid extract for 10 minutes and keeping the extract content overnight. The HsS 
was then removed in a current of COo applying suction at the opposite end also. This was 
then titrated against the dye. No increase in ascorbic acid was noticed and it was therefore 
conchided that no reversibly oxidized vitamin C is present in pine needles. 

(2) Combined ascorbic acid . — The needles were ground with 60 c.c. of 0'2 per cent HCl 
and metaphosphoric acid, and transferred to a small wide-mouthed flask. H 2 S was passed 
for 10 minutes and the flask was stoppered and kept at 40°C. for one hour. The solution was 
then squeezed through mushn. The residue was extracted with 12‘5 c.c. of 20 per cent trichlor- 
acetic acid and 5 c.c. of 20 per cent metaphosphoric acid. H 2 S was passed and the flask 
stoppered ancl_left overnight. H 2 S was removed in a stream of CO 2 . The solution was 
filtered and the filtrate titrated against the dye. No increase over the original vitamin C 
value by direct titration was observed. 

It was therefore concluded that vitamin C is present onl}’^ in the reduced form in pine 
needles. In fact the existence of this form of combined ascorbic acid has been questioned by 
Harris and Ollivcr {he. cit.) who did not find any increase in the ascorbic acid in various vege- 
tables alleged to contain combined ascorbic acid, by the treatment described above which is 
designed to liberate vitamin C from its bound form. 

It has been suggested that the results obtained by the chemical method may possibly be 
too high owing to the presence of substances other than ascorbic acid which may reduce the 
dye. Emmerie and van Eekeleu (19.34) proposed a preliminary treatment with mercuric 
acetate to remove such reducing substances. This modification has been considered inadvisable 
by Bessey (1938), McHenry and Graham (1936) and others. Under the conditions of the test, 
glutathione and iron salts do not interfere. , Cysteine is not usually present in ordinary vegetable 
extracts in sufficient quantity to interfere with the test. By treatment with mercuric acetate 
the'Vitamin 0 is adsorbed, and hence values obtained by this method are lower than the real 
values. This was tried for pine-needle extract and a value of about 16 per cent less was 
obtained apparently due to the adsorption of the vitamin by the precipitate and not really 
due to the presence of cysteine. Having thus established that pine needles ate rich in 
vitamin C (100 X 176 mg./lOO g. of the needles), attention was next directed to the 
preparation of concentrates. 

The water extract of the’needles was found to be strongly acid (20 g. leaf extracted with 
20 c.c. distilled water, the pH of the extract was aborrt 3’6 at which vitamin C is fairly stable). 
Hence for the preparation of the extract on a large scale acetic acid was not found to be 
necessary. One thousand grammes of the needles were ground on a stone to a fine-paste with 
a small quantity of water and the pulp pressed through muslin. This was done 4 times so as 
to ensure the maximum extraction of the vitamin. The volume of the extract which was about 
■ 3,000 c.c. was brought down to 500 c.c. by vacuum concentration. This concentrate was syrupy 
in consistency and had strong adhesive properties. The gum present in this extract was 
found to be water soluble and hence is different from the wood resin which is insoluble in water 
but soluble in alcohol. Two volumes of methyl alcohol were added to this concentrate and 
the gummy precipitate removed by filtration under suction. The filtrate was mixed with an 
equal quantity of acetone and the precipitate washed with a small quantity of methyl alcohol. 
The combined filtrates were concentrated and the syrupy residue, which was highlv concen- 
trated,. contained about 20 mg. of vitamin C per c.c. . . 

Vitaiiiin C concentrates are extremely unstable and hence it is very necessarv to ensure 
favourable conditions for stability. Yitamin C concentrate prepared by the process described 
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as as concentrated nqneons extract of pine needles containing ] mg. of vitamin C per r.c. 
were stored in the refrigerator and in the incubator for a j'cricd of oneVontL and tie rate of 
destruction of the vitamin studied. 0-1 per cent KaLSO.*) was added as a preservative. 
Interference by sulphite vas overcome by using 20 per cent acetone in the titration mixture 
as recommended by Mapson (1912). Tlie rc.sults are given in Table III 

Table III. 

Deterioration of vitanmi C in stored extracts of pine needles. 


VlTAMTK C COKCKSTOATn 
CO.VTAl.VINO 20 MO./C.C, 


Period of 
etorngc ill 
daysi. 


Pcrccnfnqo 

nt 

4°C. 


Porcentngo 
loca nt 

tire. 


Agrnocs nNn-.vnnntn 
E,\TKACT CO.NTAiaihO 

1 xjo./c-.c. 


4'C. ST'C. 


5 

10 

40 

S 

4S 

10 

IS 

7S 

17 

80 

20 

42 

D5 

45 

DO 




1 •y 


30 

00 

100 

70 

100 


The vitamin is destroyed more slowly at 4°C. tlian at 37°C. Sugars liave been reported 
to have a stahth'zing e/Teafc on vitamin C in rose-hip e.vtrncts (IVoices, 1942). The effect 
of the addition of 60 per cent cane sugar to tho pinc-nccdle extract was therefore studied 
and the results are given in Table IV : — 

Table IV, 

Deterioration of vitamin C in stored extracts of -pine 
needles after addition of cane sugar. 


Pino-ncodlc extract syrup 
stored in the refrigerator. 

Porcontoga loss at 

4‘’0. 37®C. 


Period of 
storage in 
days. 


6 

6 

15 

10 

12 

29 

20 

18 

40 

30 

25 

59 

45 

32 

80 


1 4 


60 

40 

100 


The deterioration is reduced by the addition of cane sugar but is not completely pre- 
vented. Wokes ei al. (1943) have shown that the rate of destruction of vitamin C in rose-hip 
syrup is affected by exposure to air. 
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iu order to reduce the exposure to nir to a minimiun, the pine-needle extract syrup was 
filled in sterilized ampoules with a minimum of air space and sealed. The rate of deterioration 
of the vitamin, in these ampoules when stored in the refrigerator as well as at 37°C., was 
studied and the results are given in Table V ; — 


Table V. 

Effect of cjrlnston of air on the deterioration of 
vitamin C in 'pine-needlc extracts. 


Period of Percentage loss at 

storage in 

days. 4°C. Sl'C. 


10 

8 

20 

20 

13 

32 

30 

19 

45 




80 

28 

70 

70 

38 

90 

90 

48 

100 


When stored in completely filled ampoules, the deterioration is reduced. In all the 
published reports of the deterioration of vitamin C in various commercial extracts, it is not 
known whether oxidation of the vitamin is reversible or irreversible. If part of the destruction 
is due to reversible oxidation only, this loss is immaterial since it is now established that 
reversibly oxidized ascorbic acid is biologically as active as the vitamin itself. In order to 
determine whether the observed deterioration of vitamin C in our experiments .was due to 
reversible or irreversible oxidation, the reversibly oxidized mtamin was converted to ascorbic 
acid by passing H 2 S as described previously. The results are given in Table VI : — 


Table VI. 

Deterioration of vitamin 0 in pine-needle extracts due to 
reversible oxidation. 


Period of 
storage in 
days. 

Total 
percentage 
loss at 4‘’C. 

Percentage 
loss due to 
reversible 
oxidation. 

Percentage 
effecti\ e loss. 

10 

8 

6 

3 

20 

18 

8 

5 

30 

10 

10 

9 

50 

28 

12 

16 

70 

38 

15 

23 


The effective loss is thus about 23 per cent when the syrup of the pine-needle extract is 
stored in the refrigerator in sterilized and completely filled ampoules. 
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Sl’MMAKY AXJ'k IMhS'ULl'SIONS. 

1. Pine needles obtained from Pbuts hngjfolia have been found to be rich in vitamm C 
(100 mg. to 175 mg./lOO g.). 

2. In aqueous extracts of these ])inc needles, vitamin (' vas found to deteriorate when 
stored at var 3 ’ing temperatures. Deterioration was less at the refiigeration temperature. 

o. Addition of HO per cent cane suuar reduced the rate of deterioration of vitamin C. 

•1. The rate of deterioration was further reduced by the exclusion of air. 

5. Extracts of pine needles ]>re})arcd in sugar and stored in scaled ampouic.sat refrigera- 
tion temperatures were found to be fairly stable. Kuch extracts were found to be non-toxic 
to rats and gninca-pigs when fed for a period of one mni\tb. 

0. In view of the aboM> iindimr';. the povsi],ilitv of obtaining fairlv stable preparations 
of vitamin C might 1)0 considered 
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Scarcely any attention seems to have been devoted to any systematic investigation of 
the nutritive value of the marine fishes of Bombay. The consequence of this becomes all the 
more striking when it is realized that this gap in our knov ledge is a big handicap to any proposal 
to popularize the less known varieties of fishes. The nutritive value of fishes is a problem 
that has engaged the earnest attention of investigators in America, where there is hardly any 
fish the nutritive value of which is not known. 

The works of Atwater (1888), Rozov (1891), White and Crozier (1911), Clark and Almy 
(1918), and Dill (1921) constitute an important contribution to tJie food value of the fishes 
of the United States. Professor Atwater analysed about 50 species, and his report on the 
chemical composition and nutritive values of edible fishes and aquatic vertebrates, published 
in the Report of the Commission of Fish and Fisheries, 1888, is accepted as an authoritative 
contribution to the knowledge of the chemical composition of American food fishes. Consider- 
able use has been made of the data by eminent writers on the subject of food and nutrition. 
The causes and extent of variation in the composition of fishes were also discussed by Clark and 
Almy (?oc. cit.) in their paper on ‘ A Chemical Study of Food Fishes ’. and their work forms a 
notable addition to the ichthyological literature. 

The same cannot be said of India’s fishes, though it must be admitted that some work 
has been done on salted and dried fish of Bombay’s coastal waters by Niyogi et al. (1941). 
Greater attention has been devoted to the fresh-water fishes of Bengal by a number of investi- 
gators in that province, and their investigation constitutes a useful addition to the literature 
on the subject. Niyogi el al. have analysed only five varieties of fresh marine fishes of 
Bombay, and this number cannot in any way be said to be representative of the great number 
of fishes available for food and for other purposes. Hence, it was thought that investigation 
of the nutritive value of other marine fishes might help the consumption of our little known' 
varieties. There is no question of the importance of information of this character. The 
possibility of making practical use of such data is almost unlimited. The knowledge will be use- 
ful to canners and manufacturers of fertilizers, fish meal and fish oil, for without a thorough 
understanding of the basic composition of the raw material the success of their enterprise is 
likely to be limited. Equally, traders in fresh fish and the great body of consumers will also 
benefit from such knowledge, inasmuch as they will be in a better position to appreciate the 
particular features and qualities of the product they buy for consumption. 


IMbthod of work. 

The edible portion of any fish is mainly its muscular tissue, and hence only the flesh 
separated from the skin and bones and finely minced was analysed for the purposes of the 
present investigation. The head, fins, skin, scales, skeletal structures and entrails of the 
various fishes examined were discarded. The size of a fish was one of the main factors taken 
into consideration in the selection of specimens for analytical work. If a fish was less than 
6 inches long, several specimens of the same Mnd were taken until about a pound of their 
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muscular tissue wis obtained, and tliis was examined. In regard to medium-sized fsL a 
representative sample was obtained by mincing flesh from about lialf n dozen f sh. For fsh 
exceeding 2^ feet in longtli analytical samples were obtained by talcing pieces of flesh from 
mlierent regions of the trunlc and mincing them till a pulp was formed. This pulp was used 
for investigation. 

Analysis , — Tho nitrogen content was estimated by Kjcldahl’s method, the amount of 
nitrogen so obtained being nuilfiplied by the factor G'25 in order to obtain the total proteins. 
The moisture content was dctcrniinod iiy drying a. weighed sample of ficsh fish to a constant 
weight in a steam oven at ICO^O., while tiie quantitv of ash was estimated by StoIte’Edxyr..shing 
method, as applied by Tisdall and Kramer (1021). ' Tho ash was dissohed in hot 0-5 j; hydio- 
chloric acid and filtered free from insoluble matter into a volnmctiic flash. The residue and 
the platinum crucible wore repeatedly washed %vith water and the washings passed through 
filter into a flask. The volume of solution was mnelo to 100 c.c. and aliquots of this were used 
for the estimation of iron, pliosphorus and calcium. Iron and phosphorus were estimated 
colori metrically, the former by Wong’s method (1028) and the latter by Briggs’ (1022) modi- 
fication of the Bell-Doisy (1020) procedure. Calcium was estimated volumetrically by 
McCrudden’s permanganate method (1911-12). 

Table I gives tho vernacular, common English and scientific names of the fishes and the 
percentage of their edible portions, ns well as percentages of protein, moisture, ash and other 
essential minerals of the edible portion. The protein content of beef, pork, mutton, goat meat 
and chicken was also determined for comparison with the protein contents of the fishes 
examined. The results of this analysis are indicated in Table II, 

The gustatory quality of fisli is one of the main factors which account for its universal 
popularity ns an article of food. Its easy assirailntiveness and nb.scnce of tough muscles and 
ligaments are other qualities that commend it to the palate. Kot generally realized is the 
valuable quality of its protein and other essential minerals, which constitute, by far and large, 
some of the most essential constituents of food. Experiments have established the superiority 
of fish proteins and minerals to those obtained from many other sources of food. Clark and 
Almy (/oc. d/,), and Dill {loc.cit.) have, however, shown tlint there is a definite seasonal 
variation in the composition of fishes of the same species and hence the results indicated in 
Table I, which refer to the mouths of April to October, may bo regarded ns representing only a 
general composition of the various fishes. 

The main conclusion to he drawn from the table is that the protein contents of Bombaj’^ 
fishes vary from 15 to 25 per cent. Avhile the contents of moisture and ash fluctuate between 
70 and 80 per cent and one to 2 per cent respectively. The mineral contents of the fishes 
also show specific variations. There is wide variation in the percentage of edible material. 
The Bombay duck comes first with 78 per cent, there being very little waste. It is followed 
closely in the extent of flesh edibility by ‘ Saranga ’ {Stromaieus cinereus), ‘ Halva ’ (Stromatens 
niger), ‘ Niwta ’ {BoleoplitJiahmis dussumieri ) and ‘ Boi ’ [Mvgil speigleri). Analysis of these 
results shows that Bombay fishes compare very favourably with fishes elsewhere in the world, 
such as those examined by Atwater in America, and are in many instances even superior to 
them. A feature of Bombay fishes commented upon by several independent observers, is the 
extraordinary richness of protein content of the so-called cheap and despised varieties, such as 
‘ Mushi ’ {Caroliarinvs limbatns), ' Pakat ’ [Dasybaivs var7iak), ' Warn ’ (JlBiraenesox talabo- 
7 ioides), ‘ Karli ’ {Clnrocentnis dorab), ‘ Wakti ’ {Trichwms savala), ‘ Bangda ’ {Scewher micro- 
lepidotus) and ‘ Dagol ’ [Chorinemm toloo). They are richer in protein value than the usually 
esteemed delicacies such aspomfret.Eawas and Bombay duck, while they are in no way inferior 
in point of nutrition to the costlier flesh of the higher vertebrates. In addition to the high 
content of protein, almost all the fishes analysed seein to be rich in essential nutritive elements 
such as calcium, phosphorus and iron, the physiological value of which has been well estab- 
lished.,.-^ -'shes are also known to possess a high iodine and copper content, both exceedingly 
use^ * s, but we have not done any work to ascertain the copper and iodine content 
of ■' _ alysed. 
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A factor which should contribute to the greater consumption of these neglected varieties 
is their availability practically throughout the year, whereas the more popular fish such as 
white pomfret (Saranga), black pomfret (Halva), Indian salmon (Eawas) and Bombay duck 
(Bombil), which are in great demand by tjie public, are only seasonal in their occurrence. It is 
curious that people otherudse generally fond of fish prefer, on account of sheer prejudice, to go 
without fish if their favourite varieties are not procurable on account of their being out of 
season. Clear evidence of the prejudice that operates against the consumption of certain 
fish is afforded by the neglect of dog-fish, skates, rays and mackerel, the counterparts of which 
in Europe and America are in great demand among the people there. 

Dog-fish, skates and rays in Bombay are valued as good food by the poor only. There is 
no reason why the richer classes should not avail themselves of this fish to vary their menu. 
The flesh of these fishes possesses many favourable qualities. Their flesh is light in colour, 
flaky and consistent. Prepared with mayonnaise, the taste is not unlike English salmon. 
Dog-fish is excellent for frying. Its flesh can be removed in large fillets which are entirely 
devoid of bones, a distinctive advantage over other fish. It may be cooked in a variety of 
ways, and this is an outstanding property. Mackerel, too, which has in recent years been 
appearing in increasing quantities in the Bombay market, does not command the sale which 
its richness of protein and other contents should entitle it to. It may be said, however, of 
this fish that, unlike the other cheaper fishes, it is only seasonal, being available from 
November to April. Mackerel occurs in such copious shoals, that if perchance, by some 
strange freak of nature, it had to disappear from our coast, such an eventuality would 
strike the death-knell of the- entire coastal fishing industry, for so largely does it form its 
mainstay. 

The low cost of first-class protein obtained from dog-fish and other despised varieties as 
compared with the cost of protein obtained from the more popular fishes as well as meat is 
shown in the following table : — 


Cost of a pound of protein. 


eharinus limbatus). 

Pakat (skates and ra_Vi 
{Dasybalus uamah ), ' 

Warn (eel) [Muraenesc 
talabonoides). 

Bangda (mackerel) (Scoi 
6er microlepidotus), 

Saranga (white pomfrel 
(Stromaleus cinereue). 

Kawas (Indian salmo„, 
{Polynemus tetradactylus). 

Bomhil (Bombay due 
(Barpodon nefiereus). 

Leg of mutton 

Pork 

Beef round 

Chicken 


at t 

anna per 

lb. 



Rs. a. p, 
0 6 0 

at f 

rt 

tt 

99 



0 6 0 

at 2 

annas 

99 

99 



.. 14 0 

at 3 

rr 

99 

99 



.. 10 0 

at 6 

tf 

99 

99 



.. 2 16 0 

at 6 


99 

99 



. . 2 12 0 

at 2 

t* 

99 

99 



.. 1 14 0 

at 8 


99 

99 



.. 2 8 0 

at 9 

99 

99 

99 



(soft parte). 
.. 2 13 0 

at 3 

9* 

99 

99 



0 18 0 

at 12 

99 

99 

99 



.. 3 8 0 


* Appanua and Bevdatta (1942) 
Atwatee (1888) 

* Basv and De (1938) 

*Idem (19.38) 

* Basv and Gupta (1939) 
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Introduction. 

SiDDiQur and Siddiqui (1931), working on the chemistry of R. seipentina Benth., isolated 
five alkaloids from the roots of plants grovdng in Bihar. They divided these alkaloids into two 
groups : — 


Group A. — Ajmaline groupt, 

white weak bases 

: — 


Name. 

Chemical 

formula. 

Melting point. 

Percentage 
content on 
•weight of 
dry root. 

(i) Ajmaline 

C.oH„0,N. 

158°C. to leo'c. 

Q-10 

(ii) Ajmaliiiine 


ISO'C. to ISS'C. 

0-05 

(ill) Ajmalicine 

. . .... 

200'C. to 252'’C. 
(decomp.) 

0-02 

Group B. — Serpentine group, 

yellow strong crystalline bases 

- 

(i) Serpentine 

C,,H„O.N 

153°C. to 154'’C. 

0-08 

(if) Serpentinine 

• • • • • 

263'’C. to 265°C. 
(decomp.) 

0'08 


Later, Siddiqui (1939) reported that the alkaloidal contents of the roots of plants obtained 
from Dehra Dun valley were different from those of Bihar inasmuch as the former contained 
very little of the yellow bases while the white bases differed from the ajmaline group in their 
chemical constitution, melting point and yield. Two alkaloids from the Dun variety were 
isolated by Siddiqui {loc. cit.) and provisionally named as : — 




Percentage 

Percentage 

Name. 

Melting point. 

yield in 
whole root. 

jdeld in 
root bark. 

(f) Iso-ajmaline 

. . 264‘’C. to 266'’C. 

0-01 

0-1 

(if) Neo-ajmaline 

. . 205‘’C. to 207'’C. 

0-1 

1-0 
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These two alkaloids were supplied to us through the courtesy of Dr. S. Siddiqui, ph.u., 
Assistant Director, Board of Scientific and Industrial Besenreh, Kew Delhi, and form 
the subject of the pharmacological investigations described in this paper. 

Experimental. 

In all o.vporiments, hydrochloride salts of the alkaloids, which arc easily soluble in water, 
were used. 

Local effects . — 

On the eye , — One per cent solution of the alkaloids instilled into tlic eyes of rabbits, guinea- 
pigs and frogs, produced no signs of irritation or local anresthesia nor was any action produced 
on the pupil. 

On the skill . — -One per cent solution of the alkaloids did not produce any irritant action 
on the intact skin after local application or after subcutaneous injection. 

77. Action on P. caudatum.- — The paramcecia were grown by soaking hay in pond-water 
for a week. The action produced by the alkaloids is noted in Table I : — 

Table I. 

Action on P. caudatum. 


Dilution of 
olkoloid. 


Acnox rnoDtrorn on rxnAMcrcrA iiy 


Neo-ajmnlinc. 


Iso-njmnlinp. 


1/1,000,000 

Many sluggish in 42 mins. ; 60 per cent die in 1 hr. 

. . No change in motility in 1 hr. ; onlj’ 
a few die during this time. 

1/40,000 

Most become sluggish in 11 rains. ; all die in 18 mins. 

. . 40 per cent sluggish in 36 mins. :_20 per 
cent die in 60 mins. ; rest alive till 
i hr. 

1/20,000 

All sluggish in 4J- mins. ; all die in lOJ mins. . . 

. . About 20 per cent sluggish in 20 
mins. ; 50 per cent die in 31 mins. ; 
and 80 per cent in 1 hr. 

1/10,000 

All sluggish in 2} mins. ; all die in 5 mins. . . 

. . Nearly all die in 24 mins. 

1/6,000 

All sluggish in 1 min. ; all die in 14 mins. 

. . All die in 81 rains. 


It is, therefore, concluded that neo-ajmaline is more lethal to paramcecia than iso-salt, 
the former killing 60 per cent in 18 mins, in 1/40,000 concentration ^vhile the latter is toxic m 
31 mins, in 1/20,000 concentration. 

III. Toxicity . — The toxicity of the alkaloids was studied in frogs and guinea-pigs and 
the average lethal dose was found to be ; — 


Fkoos. • Guinea-pigs. 

\ 

(Injection into lymph-sac.) (Injection subcutaneously.) 


Neo-ajmaline . . . . O’l mg./g. body-weight QMB mg./g. body-weight. 

\ 

.. 0’07 mg./g. „ „ 0-^6 mg./g 


iBO-ajmaline 


tv. Action on central nervous system . — 

(t) In frogs. — The alkaloids vrere injected into the ventral lymph-sac and the frogs were 
carefully observed. Both the alkaloids produced nearly identical actions, neo-salt producing 
its action in a lesser dose than the iso-salt. Neo-aimaline, in O’OI mg./g. dose, produced mild 
depression of the central nervous system — ^reflex time was increased and motor activity 
diminished. In a little higher dose (0'02 mg./g. to 0'03 mg./g.) tl^ere was an initial stimula- 
tion accompanied by restlessness and tremors. This was soon followed by severe depression 
and paralysis of the limbs. The respiration became progressively slow and shallow. In 
about i to 1 hour the animal began to show signs of recovery which was complete in 
about 2 to 3 hours. In still larger doses the stage of depression was followed by complete 
paralysis and death, which usually occurred in an hour’s time and was due to cessation 
of respiration. 

In decerebrated frogs the same type of action was produced except that there 
was no initial stimulation. In ‘ spinal ’ animals, increase in reflex time and diminution 
in motor activity was seen. The alkaloids have a general depressant action on the nervous 
system. 

(?’?) In guinea-pigs. — The action of the two alkaloids was identical, and was very similar 
to that produced in frogs except that there was no initial stimulation. 

(ni) In cats. — Only neo-ajmaline was studied in cats. The action observed was neatly 
the same as seen in frogs and guinea-pigs. There was slight excitement in the beginning 
followed by marked depression. 

V. Action on cardiovascular system . — 

(i) On frog's heart. — In frogs, the heart was perfused in situ through a cannula introduced 
into the inferior vena cava. Both the alkaloids produced nearly identical actions as described 
below ; — 

In 1 /100,000 dilution the alkaloids produce a decrease in amplitude, systole being less 
powerful ; this was followed by some slowing in rate ; the rhythm later became irregular 
due to the occurrence of auriculo-ventricular block. If at this stage perfusion was 
changed over to Ringer, gradual recovery to normal rate and rhythm took place (Big. 1). 
In higher concentration the same type of action was produced but occurred more 
quickly and was more pronounced ; ultimately the heart stopped in diastole. Brom this 
stage also recovery took place when perfusion of the drug was replaced by Ringer but 
the contractions remained feeble and the rate slow. The slowing and irregularity could 
not be abolished by an injection of atropine. The cardiac output too was decreased as 
seen in Big. 1. 

{ii) On isolated mammalian heart. — The isolated hearts of rabbit and guinea-pig were 
depressed by both the alkaloids. There was decrease in the amplitude of contractions (Big. 2) 
followed by slowing and irregularity. 

{in) Myocardiography. — ^Myocardiographic records obtained in dogs and cats showed 
depression in auricular and ventricular contractions, the action being more pronounced on the 
ventricles. Later, there was slowing and partial auriculo-ventricular block. 

(in) Action on blood vessels. — The blood vessels of frogs and cats were perfused by a 
niodification of' Loewen-Trendelenburgh’s method. The alkaloids were perfused in two 
diflerent concentrations, both of them increased the output volume of the perfusate, thus 
showing that peripheral vasodilatation was produced. 

(u) On organ volume. — Spleen and intestinal volume records showed diminution with fall 
in blood pressme (Big. 3). 

[vi] On normal carotid pressure. — Both the alkaloids produced fall of carotid pressure 
in 1 mg./kg. to 4 mg./kg. dose. The action produced by neo-ajmaline was somewhat 
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more lasting. Similar action was also observed in decerebrate and spinal animals, 
exteub of fall produced bv difl'crcnt doses is shown in Table ]J; — 


The 


TAnuK n. 


SJiOH'iiifj the nclion of alhiloids on blood 2 V('S sure. 




J'Ar.t. \V!TtI 

-vno- 

OK 

F/r.T, tviTir ISO- 
OK 

JJO'P, 

Ulg./kg. 

Anininl 

jiri-prirntion. 

Xorinnl 
blood 
{iro.-'Miro, 
mm. Hg 

In it ini ly 
r.'ii'.fd 
blood 
piT'isurf, 
mm. llg 

No mini 
blood 
jia'P.stirc, 
mm. Hg 

Initially 
rni“od 
blood 
j>rv.->Furo, 
mm. Hg 

l‘."> 


17 

It) 

22 

11 

2-0 


02 

21) 

2-t 

2.'i 

i-r> 

fat 

12 


(•) 

• • 

a-o 

♦ » 

21 


5 

r> 

2-0 

Cat .‘ipiiial 

f. 


No nction 

• • 

•ro 

»♦ #f 

11 

• • 

8 


Vo 

„ (Iccarljr, 

O 

• • 

O 

* 

.3-r> 


o 

• • 

c 

• 


{vii) On experi menial Jnjpcricnsion . — Both the alkaloids produced fall in experimentally 
elevated pressure (by continuous adrenaline ])erfusion or cphedrinc injection) of dogs and, 
cats. The fall was proportional to the initial rise (Fig. d). 

V7. Action on rcsp>ira\ion. — Bespiratory inoveincnts, as recorded by a tracheal cannula, 
showed an increase in amjditudc and rate Avith 2 mg./Jeg. dose (Fig. 3). "With larger doses 
the stimulation AVas soon folloAVcd by depression. 

VIZ. Action on tiierus . — The action of the tavo alkaloids AA’as different on strips of uteri 
of rabbits and guinea-pigs. 

Neo-ajmaline. — In concentrations of J/100,000 to 3/20,000, it jiroduced a marked increase 
in tone and amplitude of uterine contractions. Addition of- atropine did not bring about 
relaxation. Previous paralysation of the sympathetic endings by ergotoxine did not aSect 
the stimulant action of the alkaloids (Figs. 5 and 6). 

Iso-ajmaline. — This did not produce any action in concentrations up to 3/10,000. In 
higher concentration (up to 1/2,500) there AA^as mild depression (Fig. 7). 

VIZI. Action on intestines. — The tAvo alkaloids produced depression in the rhythmic 
contractions of strips of intestines of rabbits and guinea-pigs (Fig. 8). The depressant 
effect Avas antagonized by pilocarpine but not by calcium. 


Discussion. 

The pharmacological action of two new alkaloids of R. serpentina ‘ neo-ajmah'ne and 
iso-ajmaline from Dun valley, has been investigated. From ah analysis of the effects 
produced, it is obvious that these alkaloids have two important actions— firstly on the 
nervous system and secondly on plain muscles. 
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Action of neo-ajmaline and iso-ajmaline {alkaloids ofJi. serpentin.a). 
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The action of both the alkaloids on the nervous system is one of stimulation initially 
manifested by restlessness and tremors — followed by well-marked . depression und paralysis 
of the various centres. The depression is particularly marked on the motor part of the cortex 
and medullary centres. Spinal cord is depressed but to a lesser extent. The alkaloids produced 
drowsiness but no actual sleep or loss of consciousness was noticed. With fatal doses the cause 
of death was respiratory failure, the heart continuing to beat for some time after cessation 
of respiration. 

The action on plain muscles was depressant on the heart, blood vessels, and intestines with 
both the alkaloids, but they difiered in their action on the uterus ; one of them (neo-ajmaline) 
has a powerful stimulant effect, while the other (iso-ajmaline) produces mild depression of its 
movements. 

Both the alkaloids produced fall in blood pressure in intact, spinal and decerebrate animals. 
The fall was particularly great in experimentally raised blood pressure. In each case with the 
fall in blood pressure, there was a decrease in the splenic and intestinal volume, from which 
it is concluded that the fall in pressure was partly due to depression of the heart. The fall in 
blood pressure being considerably less in the spinal animals, suggests that the fall in intact 
animals is partly due to the depression of the vasomotor centre. 

The action on plain muscles was obviously a direct one, and was not transmitted through 
the adrenergic or chohncrgic hormones. This is shown by the nature of the action produced 
which does not correspond to the autonomic supply of the viscera, and also by the fact that the 
effects produced were unaffected by atropine or ergotoxine. Chopra et al. (1942) were also 
unable to identify adrenergic or cholinergic effects in the alkaloids investigated by them. 

We were unable to obtain the alkaloids of R. serpentina grown in Bihar otherwise it would 
have been interesting to compare their action with those described above. Judging from the 
published work of others (Chopra, Gupta and Mukerjee, 1933 ; Chopra and Chakravarty, 
1941 ; Chopra el ah, 1942 ; Eajnnond-Hamet, 1940), it appears that the alkaloids under dis- 
cussion differ from the corresponding alkaloids (ajmaline) of the Bihar variety in the following 
respects : — 

(i) In being depressant to the intestines while the Bihar alkaloid (ajmaline) is 
stimulant. 

{ii) These alkaloids, in all doses, in intact, spinal and decerebrate animals, produce 
fall in blood pressure, whereas the alkaloids of the Bihar variety produce rise in the 
intact and decerebrate animals in moderate doses, and fall in large doses in the intact and 
spinal animals. 


Summary. 

The pharmacological action of two new alkaloids of R. serpentina (isolated from plants 
grown in the Dun valley, U. P.) provisionally named as ‘ neo-ajmaline and iso-ajmaUne ’ has 
been reported in this paper. 

1. Both the alkaloids are found to have a slight stimulant action on the nervous system, 
followed by well-marked depression. 

2. Both the alkaloids are found to have a depressant action on plain muscles -of the 
heart, blood vessels and intestines. 

3. Both of them lower the blood pressure in the intact, spinal and decerebrate am'mals 
in normal condition and also after experimental hypertension. 

4. Neo-ajmaline has a powerful stimulant action and iso-ajmaline has a mild depres- 
sant effect on the uterus of rabbit and guinea-pig. 

6. The average toxic dose of neo-ajmaline in frogs is O’l mg./g. body-weight, and for 
guinea-pigs is 0-065 mg./g. body-weight. Iso-ajmaline is slightly more toxic. In e-rery case 
death was due to respiratory failure. 
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Introduction. 

The root powder of Rauwolfia serpentina Benth. has long been used as a popular cure for 
certain types of insanity since it produces a state of continued bypnosis. After tbe pharmaco- 
logical investigations of Sen Gupta and Bose (1931) and Chopra et al. (1933), which for the 
first time revealed the hypotensive effect of this drug, an extract made from the root has been 
widely used in hyperpiesis with great benefit. Gnpta, Deb and Kahali (1943) have recently 
reported success with the standardized extract in the treatment of different types of mental 
disorder. The symptoms produced after a therapeutic dose of the extract resemble those 
produced by the root powder, but the extract is safer as it does not depress the respiratory 
centre so much. Three to four hours after a therapeutic dose, preferably given in two divided 
doses at midday and in the evening, the patient goes into normal sleep for about 6 to 6 hours. 
By repeating the drug on subsequent days in adequately controlled doses a continued state 
of diurnal twilight sleep (semi-hypnosis) and of nocturnal sound hypnosis can be maintained. 
The alimentary functions of the patient improve ; the bowels act regularly, appetite improves 
and the patient can be easily roused and coaxed to take adequate nourishment.^ The only 
drawback seems to be a profound fall of blood pressure with consequent asthenia m some ill- 
nourished patients. 

Of the three alkaloids so far isolated by Siddiqui and Siddiqui (1931) m pure form, Chopra 
and Chakravarty (1941) showed that ajmaline and serpentine were definitely stimulant rather 
than sedative. They, however, thought it likely that serpentinine was sedative, but the later 
work of Chopra et al. (1943) did not confirm the sedative action of serpentinine, which, in their 
opinion, was a medullary stimulant like the other two known alkaloids of Ramvolfa serpentina. 
They found the total alkaloids fraction, as well as a new fraction of. total alkaloids from which 
the convulsant ajmaline, serpentine and serpentinine were separated, to be hypnotic. The 
hypnotic dose of both the fractions was 0-05 mg. to 0-08 mg. per gramme body-weight equi- 
valent to 50 mg. to 80 mg. per kilogram. This dose is equivalent to 10 c.c. to 16 c.c. of tte 
standardized extract with 0'6 per cent alkaloidal content, the usual therapeutic dose of wjiich 
is only 1 c.c. in man. Chopra et al. (1943) also found that the extract made from the Bihar 
plant was more sedative than the extract made from the Debra Dun plant. Giipta and Kahali 
(1943) found that the hydrochloride of the purified total alkaloid of the DehraDun plant had 
no sedative action ; the total alkaloidal hydrochlorides of the Bihar and the Bengal plants 
were sedative, and it was these two alkaloidal hydrochlorides which also gave an opaque 
solution in water. This naturally raised a suspicion regarding the absolute purity of tbe 
isolated samples of the total alkaloids from the Bihar and Bengal varieties. The sediment, 
which always deposited when a solution of the Bihar and Bengal^ alkaloidal hydrochlorides 
were allowed to stand, had a strong resemblance to the ‘ resin ’ which is present in the root 
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of tlic plniif.. It was, tlicrcfore, tlioiiglit worth wliilc to investigate tlic ])luir]nacoIog}- of this 
‘ Previously Sen Guj)ta and Bose {he. cU.) had reported tliat, ex'ceptfora slight action 

on the uterus, the resin of Jhuivolfta serpent iva was inactive. Tlic resins, niorcover, are 
generally believed to be inactive, but, the sedative action of Cannal)iiiol, the active principle 
oi Cannabis {ndic<i which is a resin, encouraged us to investigate the pharmacological action 
of the Rauicolfia resin. ° 

Chkmistry. 

The • resins were separated from the alcoholic extract of Rauiroljia serpentina with 
dilute hydrochloric acid and washed free from all traces of alkaloid. After a few preliininar}’ 
biological experiments, it was found desirable to separate the ‘ oil ’ from the crude ‘resin’ 
and to investigate their actions separately. 

Preliminary experiments on animals proved that the liypnotic principle was associated 
with the oil-free petrolcum-ethcr'insolublc fraction of the mide ‘ resin ’. This petroleum- 
cther-insoluble fraction could be further .separated into alcohol-soluble and alcohol-insoluble 
fractions. Animal e.xpcriments ])rovcd that the marked hypnotic effect was present in the 
alcohol-soluble fraction. The' oil ’ has a bitter taste. Thcactive ‘resin ’ fraction is amor- 
phous and tasteless. TJic relative proportion of the various fractions arc : — 

Crude ‘ resin ’ (pctrolcum-cther-soluble ' oil 54 per cent, petrolcum-ether-iusoluble 
‘ resin ’, 4G per cent) forms about 0‘9 per cent of the standard extract. But of the petroleum- 
ether-insoluble resin fraction about half is alcohol-soluble and pharmacologically active. 

Experimental. 

Various laboratory animals, frogs, albino rats, guinea-pigs, rabbits and cats, were used. 
Rats and cats were found to be most suitable for experiments on hypnosis with the Jtaxneolfia 
resin fraction. The behaviour of these animals, their activity, rest, sleep, and state of digestion 
and nutrition, were observed for at least a week, before they were given the test fractions. 
The drug was given by stomach tube or was injected intraperitoneally. Given by the 
stomach the drug was suspended in water ; for intraperitoneal injection it was first dissolved 
in alcohol or suspended in physiological saline made alkaline by the addition of sodium 
bicarbonate. In a few experiments the test fraction was given intramuscularly suspended in 
olive oil. 

The experiments can conveniently be classified into 7 scries : — 

First series. — In the first scries of experiments, the following three fractions separated • 
from the root of Rauwolfia serjxentina from Dehra Dun, and the standard alcoholic extract 
were given by stomach tube to a group of rabbits and cats. The fractions are ; — 

Fraction I. — Water soluble, free from alkaloid and ‘ resin ’. 

Fraction II. — ‘ Resin free from water-soluble fraction I and alkaloid, in alcoholic solution 
in concentration (0'9 per cent) equivalent to the ‘ resin ’ strength 

of the standard extract. 

Fraction III. — Purified allcaloidal hydrochloride free from fractions I and 11. 

. The doses used varied from 4 to 10 times the human therapeutic dose, i.e. 1 c.c. per 60 kg. 
or 1/60 c.c. per kg. body -weight calculated on the basis of the standard alcoholic extract. As 
all the three fractions in solution were made so as to conform to the respective strengths of the 
fractions present in the standard extract, the doses for all the three fractions were the same 
and equal to the standard extract. The alcoholic preparations were evaporated to 
dryness and the dry residues' were suspended with mucilage before feeding the animals 
by. the stomach tube. 

Results : {a) The sedative and hypnotic effect was obtained with the standard extract 
and the -‘-resin ’ preparations only. In smaller doses the effect of the ‘ resin ’ was more potent 
th t caused by a similar dose of the extract, while iii higher doses the eft’ect caused by 
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tlie extract "was more potent tlian tliat caused by tbe ‘ resin (6) The "water-soluble fraction 
bad no effect, (c) The alkaloid made the animals more restless, (d) A mixture' of alkaloids 
and resin in the biggest dose "ft'as more effective than a similar dose of resin only. 

Second series. — Albino rats (1 50 g. to 200 g.) were used. The ‘ resin ’ (dissolved in alcohol) 
and the alkaloidal hydrochloride (in watery solution) were given intraperitoneally. Control 
experiments were done to observe the effect of alcohol alone. The dose used was 1 mg. to 
10 mg. per kg. body-weight. 

Besults : (o) The sedative and h}’pnotic effect was obtained "with the ‘ resin ’ preparation 
only, the injection of which apparently caused pain. (6) Alkaloidal hydrochloride made the 
animals rather restless, (c) Alcohol in the quantity used had no effect. 

Third series. — ^The crude ' resin ’ fraction was obviously a mixture and contained an oily 
substance which was extracted -with petroleum ether. The ‘ resin ’ fraction thus separated 
from the ‘ oil ’ could be further separated into alcohol-soluble and alcohol-insoluble fractions. 
The effects of these three fractions, e.g. ‘ oil ’, alcohol-soluble resin, and alcohol-insoluble 
resin, were investigated on albino rats (150 g. to 200 g.) and cats (2 kg. to 2’5 kg.). The drugs 
were given intraperitoneally or intramuscularly. For the intraperitoneal injection the fractions 
were either dissolved in alcohol or suspended in normal saline made alkaline with sodium 
bicarbonate. For the intramuscular injection the fractions were mixed -with (or suspended in) 
olive oil. The volume of the injection in all cases did not exceed 0"5 c.c. The dose of the 
drug Was 1 mg. per kg. body-weight. 

Eesults : (a) The sedative and hypnotic effect was produced by the alcohol-soluble resin 
fraction only, (h) The oil was an irritant and caused pain but partly quietened the animal 
too. (c) The alcohol-insoluble fraction had no effect, (d) The effect with oily suspension 
given intramuscularly was much delayed. Absorption into the systemic circulation seems 
to be delayed from oily suspension. Absorption from the peritoneum cavity was quicker than 
from the muscles. -> 

Fourth series. — Cats between 2 kg. and 3 kg. body-weight were used for these experiments. 
The purified alcohol-soluble resin was injected intraperitoneally either in alcoholic solution or 
in suspension of alkaline physiological saline. The dose used was 1 mg./kg. The protocol of 
only one experiment is given below, the results in other experiments being similar. 

6th July, 1943. — ^Cat no. 1 weighing 2'2l kg. (under observation for a fortnight) was given 
3 mg. of purified resin suspended in alkaline physiological saline (1 c.c.) at 12 noon. At 1-30 
p.m. animal quite awake ; 2 p.m. food was given and eaten by the animal as usual ; 3-45 p.m. 
animal dozing ; 4-30 p.m. the animal sleeping. 

7th July, 1943. — The animal sleeps off and on. 

8th July, 1943.— The animal sleeps off and on. 

9th July, 1943. — ^The animal sleeps off and on ; when awakened it stretches itself and 
tries to stand up and walk ; it can walk but has a tendency to fall on one side and looks for 
support against which it stands and gradually lies down to sleep. Appetite is very good. 
Stools soft. 

10th July, 1943. — ^More or less in the same state as on 9th July, 1948, but is recovering. 

11th July, 1943. — ^Animal quite recovered. 

On the same day another cat (no. 2), 1-95 kg., was given 3 mg. of alcohol-insoluble resin 
suspended in alkaline physiological saline intraperitoneally at 12 noon. At 3-45 p.m. it was 
dozing ; 4-30 p.m. dozing. On 7th July, 1943, and subsequent days — normal. 

Besults ; The purified alcohol-soluble resin is hypnotic, while the alcohol-insoluble 
fraction has no sedative action. Similar hypnotic and sedative effects were obtained in cats 
by feeding the ‘ active ’ resin by stomach tube, Bepeated doses for 2 days produced a 
continued sleepy state for 3 to 4 days. 
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The resin Avhen injectecl into the ventral lynij>h mu- diniiiiishecl tlio usual spontaneous 
nctivitv of frogs (rana). 

Fifth series . — In this series the resin in alcoholic solution was given intrnpcritoncally to 
cats in 1 nig./kg. closes in the morning. Three hours after, the aiiin.nl vns annsthetired nith 
ether. It went under annesthesin without any sliupple in a a cry shert liniC, and the quantity 
of ether required to anccsthetize the aninrnl and to hccji it under ai.afctl csin -nas only alont 
half that usually required. 

Similar synergism was shown with chloralose. After ie.sin given intraforitoneally, the 
usual ancesthotic close (OT mg./kg.) of chloralose intravenously could he lialvcd (O’OD mg./kg.). 
The aufcsthetic oral dose of chloralose could also he similarly reduced. It should be 
remembered, however, that the effect of the purified resin becomes obvious only after 
3 hours or more. 

<S7.r//if series. — Guinea-pigs, rat.s and cats were used to find if the purified resin would 
antagonize picrotoxin.. The resin .antagonized the effect of picrotoxin in all these labora- 
tory animals, tlie antagonism being mo-st obvious with rats. 

The protocol of one series of experiments is given below : Two scries of 3 albino rats 
each were used. Series A received picrotoxin (1 mg./kg.) subcutaneously. Series B received 
purified resin (1 mg./kg.) intrnperitoncally ; and 3 liours after picrotoxin was given. 


Series .-1. — 

Time. 

Rut 1 (S5 g.) 

Rnt 2 (00 p.) 

Time. 

Riit 3 (53 c.) 

Time. 

12-55 p.rn. 

Picrotoxin 0'08 mg, 
pubent. 

1-4 p.m. I’icroto.vin 0 00 mg. 
•subout. 

1-9 p.m. Picrotoxin 0‘03 mg. 
subcut. 

1-19 p.m. 

Definite oonvnlsion. 

1-39 p.m. Occasional head 
convulsion. 

1-30 p.m. Definite convtdsion. 

1-40 p.ni. 

Second fit lostiiig 

1 min. 

1-60 p.m, Oconsionnl bond 
spnsm. 

.... 

Series B . — 

Time. 

Rat 1 (83 g.) 

Rnt 2 (03 g.) 

Rat 3 (60 a.) 

12-10 p.m. 

Resin 0'08 mg. i.p. 

Resin 0‘00 mg. i.p. 

Resin 0'05 mg. i-p- 

9-28 p.m. 

Quiet, eleeping. 

Quiet, droivsy. 

Quiet, sleeping. 


■picrotoxin 0'08 mg. 
snbeut. 

Picroto.vin O'OO mg. 
snbeut. 

Picrotoxin 0‘05 mg. 
subcut. 

4-30 p.m. 

No convulsion ; 
sleeping. 

No convulsion. 

No convulsion ; 
sleeping. 


Seventh series. — ^In this series of experiments the general pharmacological action of the 
resin fraction was investigated. 

Local effect. — Besin ‘ oil ’ dropped into the eyes of rabbits caused congestion of the 
conjunctiva lasting for 2 to 3 hours. The purified oil-free resin suspended in olive oi 
dropped into a rabbit’s eye caused only slight congestion. 

Cardiovascular effect. — The effect of the purified ‘ resin ’ was studied in cats under anses- 
thesia with chloralose or ether with or without previous sedation with resin. The resin m 
1 mg./kg- d.ose caused no fall of blood pressure ; on the contrary it caused a slight persisten - 

rise of blood pressure. . . . x 

Intestines. — ^The purified resin increased the tone and rhythm of the intestine m ca s 
under ' anesthesia with ether preceded by resin intraperitoneally as also in intestinal strip o 
guinea-pigs suspended in Fleisch’s solution, 
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Uterus. — The resin increases the tone of the uterine muscle in cats under ansesthesia and 
also in isolated . uterine strips of virgin guinea-pigs suspended in Fleisch’s solution. The 
effective dose of resin for the intact animals in these experiments was 1, ™g'Ag. and the 
minimum effective concentration of resin in the bath was 1 in 80)000. 

Discussion. 

In all the animals used in these experiments — ^frogs, guinea-pigs, rabbits, albino rats and 
cats— the petroleum-ether-insoluble but alcohol-soluble fraction of the crude ‘ resin ’ of Rmwol- 
fia serpentina Benth., Dehra Dun variety, caused sedation and hypnosis, the dose varying 
with animals. The effective dose for cats and rats is 1 mg. per kg. body-weight. The sedative 
and hypnotic effect is delayed and begins to be evident only 3 to 4 hours after the test dose 
has been given by mouth or intraperitoneally ; even after intravenous injection the action 
is delayed. The sedative effect prevents picrotoxin convulsions. The resin also acts 
synergistically with chloralose and ether. 

The ‘ resin ’ content of an effective dose of the standard extract was equal to the effective 
dose of the ‘ resin ’. In smaller doses tlie ‘ resin ’ was found to be more effective than an 
equivalent dose of the standard extract. This may be due to the stimulating effect of ajmaline, 
serpentine and serpentinine (Chopra ei al., 1943) antagonizing the sedative action of the 
‘ resin’. The more hypnotic effect of the larger doses of the extract may be due to the fact 
that the fall of blood pressure induced by these bigger doses enhances the sedative effect of 
the resin. The standard extract, both in experimental animals and in clinical practice (Gupta, 
Deb and Kahali, loc. cit.), produces a hypnotic effect after a delay of 3 to 4 hours. The 
purified resin induces a sedative effect also after a delay of 3 to 4 hburs. The reason of 
the delayed action is not yet clear. It may be that a secondary product formed in the body 
is responsible for the sedative effect while the ‘ resin ’ itself may produce immediate 
pharmacological effects such as slight rise of blood pressure and stimulation of simple 
muscle fibres, as, for example, in the intestine and uterus. 

The fact that the effective dose of the standard extract, and of the active ‘ resin ’ fraction 
used in these experiments are equal, that the nature of the hypnosis produced by both is 
similar, and the induction of sedation in both is delayed for 3 or 4 hours, suggests that the 
hypnotic effect of Ranwolfia serpentina Benth. obtained from Dehra Dun, is due mainly to the 
oil-free alcohol-soluble ‘ resin ’ fraction of the crude ‘ resin ’ present in the plant. The ‘ reeling ’ 
effect induced by the resin points to the midbrain centres being affected by its action. The 
nature of the hypnosis and its similarity to natural sleep suggest that the site of action may 
be the hypothalmic centres. 

The hypotensive action of Rautvoljia serpentina Benth. has been proved to be due to 
alkaloids. The results of the work reported here suggest that the .hypotensive and the 
hypnotic actions of Rainvoljia serpentina Benth. obtained from Dehra Dun are due to separate 
groups of chemical substances — alkaloids and oil-free ‘ resin ’ respectively. These can be 
easily separated and made available for separate selective clinical use. 

Summary. 

1. Prom the crude ‘ resin ’ of Ramcdlfia serpentina Benth. a fraction insoluble 
in petroleum ether but soluble in alcohol has been isolated. This is pharmacologically 
active. 

2. In experimental animals (cats, rabbits, rats, frogs, guinea-pigs) it produces a sedative 
•and hypnotic effect very similar to that produced by the standard extract of Ramcdlfia 

serpentina. 

3. The sedative action induced by the standard extract and also by the alcohol-soluble 
fraction described commences about 3 to 4 hours after administration and persists for more 
than 24 hours. 
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4. The ‘ resin ’ or alcohol-soluble fraction does not. cause a fall of blood prcssiu 
but. stimulates the simple muscle of Ibe inicstine aiul uterus. Thi.s action is produced 
immediately. 

5. The petroleum-ethcr-Roluble ‘oil’ obtained from the crude ‘ resin ’ prepared from 
i?. serpeudna has irritant properties. 
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In 1860, Lalleniand, Perrin and Duroy determined for the first time the concentration of 
chloroform in blood and tissues of dogs killed liy the aneeathetic. They determined the concern 
tration of chloroform from the amount of hydrochloric acid formed in the experiment. In 
1883. Grahanl; and Quinquad carried out the estimation of chloroform in blood by removing 
the blood in the absence of air and Subsequent^ distilling it under vacuum and the quantity 
of the ansesthetio in the distillate was estimated by the reduction of Fehling’s solution. Pohl 
(1890) determined the chloroform content of blood by passing the vapour over heated magnesia 
and determined the chloride produced by titration with silver nitrate. In 1906, two French 
workers, Jlansion and Nicloux, employed the Dumas reaction for determining the concentra- 
tion of chloroform.’ The error of this method according to one of the authors averaged to 2 per 
cent, while Tinof and Mansion showed that 96T per cent of the total chloroform added can be 
recovered from blood when treated as above. In 1906, Buckmaster and Gardner described 
the method of estimation of chloroform in the blood by calculating the difference in the chlo- 
rine content of the blood before and after anaesthesia. They found that the concentration 
of chlorofoi-m in the blood at the time when conjunctival reflexes just disappear varies between 
16 mg./lOO g. and 31 mg./lOO g. of blood. They have also determined, by this method the 
partition coefficient of chloroform in the plasma and the r.b.c., and the lethal concentrations 
of chloroform for the animals. All these methods are laborious and are not delicate. Fuji- 
wara (1914) found that chloroform in presence of an alkali gives a pink colour with pyridine 
and that the method is so sensitive that it can detect chloroform in a dilution of one in a 
million. Later, Ross (1923) reported the same test indicating 'the independent discovery 
that substances containing R-C (Halogen)j groups (chloroform, bromoform, chloretone, 
chloral, iodoform, etc.) give a pink or red colour to pyridine when mixture is heated in presence 
of RaOH. Fuiiwara applied the test to extracts and distillates of animal fluids and tissues 
attempting to estimate the amount of chloroform present by the depth of colour produced. 
This work of Fujiwara gave Cole (1926) an idea to utilize the method for the determination 
of chloroform in the tissues of animals anesthetized with chloroform. The method used by 
Cole for determining the concentration of the anesthetic in the tissues was as follows : The 
tissues were minced with scissors and submerged immediately in acidified distilled water as 
suggested bv Fujiwara. It is kept for one hour and then taken for test. If an appreciable 
quantitv of blood is present it interferes with the method of estimation. However, the results 
obtained by Cole in these exoe’-iments were of qualitative nature and need improvement for 
reliable quantitative estimations. 

Daroga et al. (1941) found that if a small quantity of acetone is used in the Fujiwara 
reaction the colour obtained is stable for a period varving from 17 to 24 hours. They introduced 
this modification to estimate the pe'^centage of carbon tetrachloride in air and in sod. Thev 
also found that if the concentration be plotted against the denth of the colour the graph is a 
straight line showing therebv that the colour is proportional to the amount of chloroform 
present. (In the case of soil they used a method of distillation.) 

All the above gravimetric methods suffer from the dra-^-backs that the methods .are labo- 
rious and not verv delicate. The Fujiwara reaction applied bv some workers suffers from the 
drawback that the colour obtained is not ouite clear due to the presence of protein, etc in 
tissues and blood and that the colour of the blood interferes rvith the method of e.stimation 
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To overcome l.licsc (lilTiciillies. llio present .'Uiflior mofliliefl llie metliofl bv introduciiK' air 
distillation in the Fnjiwnra reaction. Iji this inetlunl the Mood is nir-distilled and the distil- 
late is absorbed in i)vridine. The distillatioji is oonlinned for an hour and a half and then 
the blood is heated so as to drive ofT any chloroform vapour that i.s remainin*: in the blood. 
The pyridine which has absorbed all the chloroform pre.'jcnt is then diluted and the amount 
of chloroform or the trihalo, nen compouiul present is now cslinuited by the Fujiwara reaction 
com])arin,c the colour obtained with n lcnf)wn stamlard. .\.s a check on the method, a known 
quantity of chloroform was added to b c.i'. nf Idood and the (plant it v was c.stimated bv this 
method. It' was found that the (piantily addivl could lie estimated irith precision. Other 
trihalo,£rcn. dihalo^en and monahidoaen compounds were then tested by the same method. 
Table I gives the results obtained with different c(>mpounds : — 

'I’.Mii.i: 1. 

S/i'y/rin^ llio I'-n'ituts c utipnxiiih rontaiiinui clilon'iir Irslt'il hij lliv tnoilifu'd Jiiijitrarn 

rt'dclioii tinr/ thr vnlour ohlitincd . 


E.^pcrinioiif 

niimbc'r. 

Nnrilo n! ili iil'. 

Fiirintilii. 

( ‘'>nr>'ntration. 

Bf.siu.t.s. 

1 

Clilorobrnzenc 

c.u.ci 

10 niL'.'lOO c.e. 

N'o coloration. 


Trichlorobpri7.otii' . . 

.. (VH,C1. 


>» 


Tn'cliloroplieiiol 

.. (MI, Cl. 


»* 

A 

Etliyl f-liloridi' 

.. (Mld'I 

10 ni,'./l00 c'.e. 
approximately. 

Orance colour obtained. 



. CJl.n 

20 mj.nOO c.c. 
approximately. 

Orange colour deepens. 

fi 

Piuncliloromc-t.acrc'-ol 

. . CdbOCI 

10 mjr./IOO e.e. 

Xo colour. 

7 

Benzoyl chloride' . . 

. . Cdl.OCI 



S 

Benzyl chloride . . 

. . C’dltCI 


>» 

!l 

Benzyl bicliloridc 

.. CMECh- 



10 

Chlorncclone 

. . c.ir...oc! 



11 

Trichloracctio ncid 

. . C.HO.'CIa 


Bin'-: coloration. 

12 

Chloral hydrate . . 

. C,II,O..Cl,, 



l.S 

Iodoform 

. cm. 

,* 

«. 

14 

Trichlorcfhylene . . 

. . C1IC1=CI10I.. 

,, 

>> 

15 

Chloretone 

. . C.HjOCI, 



1C 

Carbon tetrachloiidc 

. . CCI, 


*• 

17 

Cliloroform 

. . CllCb 


*» 


Table I shows that compounds of the following structure respond to the test : — 

lt.CH2.rCl:, or Jt.CH.Cl CClo 

where R may be aromatic or aliphatic nucleus. It was further found that halogen attached 
to the nucleus in an aromatic compound does not answer the test, e.g. trichlor()benzene or 
tricliloro])henol gave negative results. C2H5CI gives an orange colour with pyridine wbic i 
deepens on addition of more C2II5CI. The test is also answered if instead of pyridine some 
of the derivatives of pja'idine are used. As chemically pure pyridine was not availa e 
trials ■u’’ere made with an impure product and it was found that the results obtained were 
quite satisfactory. 

Method. 

To a test-tube diameter containing 40 c.c. of distilled water and 6 c.c. of 0‘05 per cent 
saponin solution, 5 c.c. of blood from an animal anesthetized with chloroforrn or tnch or- 
etbylene is added. The blood from the animal is withdrawm when ‘the conjunctival 
just disappear. The test-tube is fitted with a tightly fitting rubber cork through which 
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glass tubss of about 3 nm. diameter pass, one serving as an entry for air and the other as an 
exit for it. The exit tube is bent twice at right angles. The other end of the exit tube passes 
through another cork fitted to a similar test-tube containing 20 c.c. of pyridine. The exit 
tube dips into the pyridine in the second tube. The pyridine in the test-tube is always main- 
tained at lo.v teaiperature b}’’ immersing it in ice. The rubber cork of the second tube holds 
a condenser through which ice-water is circulated. The exit of the condenser is passed through 
rectified spirit which acts as a trap. All the connections are made air-tight except the last 
exit. A current of air at the rate of 15 c.c. per minute is allowed to bubble through the first 
test-tube containing blood. The quantity of chloroform or trichlorethylene present in 5 c.c. 
of blood is thus carried along with the air current and is absorbed in the pyridine ‘which is 
constantly maintained at 0°0. The current is passed for 1-| hours and after this period the 
test-tube containing the haemolysed blood is heated to 80°C. by gentle heat while the air 
current continues to pass. The flow of air is now continued for one hour more after which 
period the apparatus is disconnected. The rectified spirit trap is always tested for the 
presence of the ansesthetic and it has been found that as long as the pyridine test-tube and the 
condenser are properly cooled no ansesthetic could be detected in the trap. The pyridine 
in the test-tube which now contains chloroform or trichlorethylene is taken for qualitative 
and quantitative estimations. 

The pyridine in the test-tube is diluted 1 to 4 with fresh pyridine. 5 c.c. of this diluted 
pyridine are transferred to a long, narrow test-tube containing 10 c.c. of 20 per cent NaOH 
and then lightly plugged Avith cotton-wool. The test-tube is now heated by dipping it into 
an actively boiling water-bath where it is kept for 1-| minutes with constant shaking. It is 
then cooled in the ice and the supernatant clear-coloured pyridine layer is transferred to a 
test-tube. The colour of this pyridine is compared in a Leitz colorimeter with a standard 
solution of the anaesthetic in p 5 Tidine treated in the same manner as above. The concen- 
tration of the standard is usually maintained at 1-2 mg./lOO c.c. or thereabout. The colour 
is stable for half an hour if it is kept cold and no acid vapours are allowed to come in contact 
with it. 

The concentration of the anaesthetic in the tissues is estimated by finely mincing the 
tissues and grinding them in a mortar and pestle, the whole operation being done under cold 
acidified distilled water. The acid water along with the suspended tissues iS’ then transferred 
to a wide test-tube and the procedure described above is followed. 

Results. 

The method was standardized by estimating a known quantity of chloroform or trichlor- 
ethylene added to the blood. Table II shows some of the results obtained and the variation 
l3etween the actual quantities added and those that are estimated : — 

Table II. 


Showing the recovery of ameslhelics added to blood. 


Xanie of anffi'sthetic. 

Experiment 

number. 

Quantity added. 

Quantity estimated. 

Variation. 


r . ^ 

1-4 

mg./200 c.c. 

l‘2o mg./200 c.c. 

— 0*075 mg./lOO c.c. 

Trichlorethyleii'' . . - 

1 o 

2-8 

mg./lOO c.c. 

3‘OS mg./lOO c.c. 

-hO-28 

mg./lOO c.c. 


[ 3 

70 

mg./lOO c.c. 

68 mg./lOO c.c. 

-2-0 

mg./lOO c.c. 


i 

1'125 mg./lOO c.c. 

1‘323 mg./lOO c.c. 

4-0-2 

mg./lOO c.c. 

Chloroform . . ■> 

5 

15 

mg./lOO c.c. 

15‘6 mg./lOO c.c. 

-i-0-6 

mg./lOO c.c. 


G 

75 

mg./lOO c.c. 

75 mg./lOO c.c. 


.Vt7. 
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The above metliocl lias been ulilized to detennine the concent ration of chloroform and 
trichlorethylene iu the blood and tissues of various animals. Table III j^dves the results 
obtained as compared u'ith tliose obtained by other worlccr.s on dogs aiuestlictizecl \vitli 
chloroform where the determinations were <’arricd nnt liy gravimetric and volumetric 
methods ; — 

Taum: III. 

Shoiri)i(f the co)wi-t)lrali()}i of rhloro/orin in hlootl in nn/. prr 101) c.c. 




Xii’liiiix, 


•Mi-ycr luiil 
(.•Dlllicli. 


niicKtn,-i-,|i’r .\rTnon’.s ncscLTS. 
and 

({Ardapr. fidnnifoun. TnViilorcttiytciic. 


Antc'sthcsia 

ai-m 

r»(t 

:ir» 

Hi-ru 

17-:!2 

20-av 

Letlinl 

.'in-io.'i 


."is 


lio-n.') 

ino-iio 


The results obtained by the author are llius in close agreement with those obtained hy 
Buckmaster and Gardner (loc. cit.). The time rcipiircd in all experiments to determine the 
blood concentrations is considerably less than that of the above authors, and no complicated 
arrangements are involved in the procc.ss. 

A set of experiments was done with a view to find out the concentration of the anesthetic 
in the blood of tlie animals anfcsthctized with the two nnresthetics. Table lY gives the actual 
concentrations of the aiucsthetic required to bring the various animals under anesthesia : — 


Tablk IV. 

Showing the coneent rations of the atw'tthetics in different animals. 


Nome of 
nnifsthetio. 

E.vporinieni 

number. 


Dop.-t. 



Kabhit'i. 


Gninen-jiigs. Cuts. 


1 

27-8 

mg./lOO 

C.C. 

25 

mg./lOO 

C.C. 

2G’G nig./lOO 0 . 0 . 


i 2 

18*5 

mgJlOO 

o.c. 

34 

mg./lOO 

c.c. 


. • * • 

Chloroform 

3 

18-8 

mg./lOO 

c.c. 

30-8 

mg./lOO 

c.c. 


. . 


4 

28-0 

mg./lOO 

c.c. 


•• 



• • • • 


r 1 

24 

mg./lOO 

0.0, 

23 

mg./] 00 

0.0. 

14 

mg./lOO c.c, 25-32 mg./lOO o.o. 

1 

2 

28 

mg^yioo 

0.0. 

23-5 mg./lOO 

c.c. 

17 

mg./lOO c.c. 

Trichlorethylene \ 






ing./]00 


17-4 

nig./lOO c.c. 

1 ' 

37 

me./lOO 

c.c. 

24 

c.c. 


1 ^ 


- • 


28 

mg./lOO 

c.c. 

17-G 

ing./lOO c.c. 


Similar determinations to find out the concentration in the tissues of animals were under- 
taken and Table V gives the concentrations of the anaesthetic in the blood, brain and liver of 
guinea-pigs anaesthetized with trichlorethylene and also that of a dog anaesthetized with the 
same anaesthetic. „ . ... 
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Table V.. 


Showing the concentration of Irichlorethyhnc in blood, brain 
and liver of guinea-pigs and dog. 




Guinea-pigs, 


Dog. 


O 

3 

Blood .. 

H 

17-6 

17 

28 

Liver . . 

.. 


16'6 

• . 

Brain . . 

28 

37-6 

28-4 

47 


(Tlio non-availability of large quantities of trichlorethylene 
prevented more extensive obser\ation on dogs.) 


The concentration of the anaesthetic in the blood was deternrined at various intervals 
after the discontinuation of anaesthesia. Nicloux found that the concentration of the 
aniesthetic in the blood was reduced to half that at the time of ansesthesia after 5 minutes ; 
3 hours after 7 nig./lOO c.c. were found in the blood and after 7 hours the blood was 
free from chloroform. Tissot found that immediately after cessation of ansesthesia the 
concentration in the blood was 53T mg./lOO c.c. and that within 2 hours it has completely 
disappeared. In order to verify the results obtained by these workers the author estimated 
the concentration of both chloroform and trichlorethylene (a new general ansesthetic which 
was being investigated) in the blood at intervals after the termination of the ansesthesia.. 
Graphs 1, 2 and 3 show the results obtained by him as compared with those obtained by 
Niclous ; — 


Geaph 1. 

CHLOROFORM (Author). 
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40 


Graph 2. 

TIUCHLORKTUYLKXK fAutlior) 



Time in hours. 
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The curves obtained for the disappearance of the ana-sthetic were similar in character 
to Nicloux’s curve l)ut free more steeply. 


SU-MMARY. 

A sensitive method for the determination of small quantities of trihalogen anresthetics 
in the blood bj’- air distillation has been described. The ansesthetic and the lethal concentra- 
tions of trichlorethylene and chloroform were determined for various animals. The results 
obtained by this method were found to agree with those obtained by Buckmaster and Gardner 
for chloroform. The same method was also used to determine the anaesthetic concentrations 
in various organs, e.g. liver and brain. The rate of disappearance of the two anaesthetics after 
cessation of anaesthesia was also determined. 
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Introduction. 

Since tlie discovery of Hansen’s bacillus in 1874 numerons attempts have been made to 
produce human leprosy in experimental animals ; monkeys, rabbits, guinea-pigs, rats, mice, etc., 
have all been used for this purpose. Certain rvorkers have claimed successful transmission 
io some of these experimental animals, but it is very doubtful rrhether human leprosy has 
ever been transmitted to any of the experimental animals. The latest claim of the successful 
transmission vas that of Adler (1937) mho reported that in the Spian hamster he had after 
all found an animal susceptible to human leprosy. However, Dharmendra and Lome (1940) 
mere not able to confirm the findings of Adler. They obtained no macroscopic or microscopic 
evidence of a generalized infection in Spian hamsters folloming an inoculation of leprous 
material, either by inserting a piece of leprous nodule under the skin or by intraperitoneal 
injection of an emulsion prepared from the nodule. 

Monkeys have been used by various morkers for experimental transmission of human 
leprosy. A fern, morkers have reported the production of secondary lesions (lesions amay 
from the point of inoculation), and generalized infection, but this mork has never been con- 
firmed by others. Most of the morkers have obtained localized retrogressive nodules 
at the point of inoculation ; the nodules regress after a fem weeks of their appearance, and 
are not foUomed by generalized infection. Some morkers believe that these nodules represent 
the actual transmission of the early lesions of human leprosy to monkeys, but grave doubts 
are thromn on this supposition by the fact that even dead leprosy bacilli are capable of' 
producing similar nodules in certain animals. 

The fact that only localized retrogressive lesions, and not the generalized infection, follow 
the inoculation of human leprosy material into monkeys has been considered to be due to the 
presence of a considerable amovmt of natural immunity in these animals against leprous infec- 
tion. Attempts have therefore been made to break or reduce this natural immunity, and 
thereby produce the generalized disease in these animals. Oberdoerffer (1939) and Collier 
(1940) attempted to do this by feeding the monkeys on colocasia or by injecting them mith 
sapotoxin prepared from colocasia. This sapotoxin is considered to lower the resistance by 
damaging the adrenals. Cochrane el al. (1937) tried to lower the defensive mechanism by 
removing the spleen of the monkeys prior to inoculating them mith leprous material, a 
procedure previously used by other morkers including Adler. 

Oberdoerfier and Collier reported success in the transmission of human leprosy to monkevs 
which had been fed on colocasia or had received injections of the sapotoxin prepared from 
colocasia. The animals mere inoculated twice by the insertion of a piece of nodule under the 
skin. In some of the inoculated monkeys lesions developed at the site of inoculation, in other 
parts of the sMn, and on the face and the ears, and smears from these lesions and from the nasal 
mucosa showed acid-fast bacilli. This work has never been confirmed bv any other worker. 
Moreover, the tissues of the monkeys, supposed to be suffering from generalized leprosy, mere 
later examined histologically and bacteriologically in London, and the report mas that the 
tissues showed no acid-fast bacilli and no evidence of leprous change. 
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roclinine cl ah (lac. cit.) obf/iincd cvlrlcnc-c of nHi)(![)lifntioii inui .spread of lepra hacilll 
in some of the mojilceys in whom bit.s of Icproims wore imf>hinted in the abdomen after a 
prcliminnr}' splenectomy. One of fheir monkeys showed si^n.s of ^rnornlizcd infection two 
months after it was inocnlnted witli the hmmin leprosy material. A small ulcer which proved 
to be a stitch absce.ss was noticed at the site of the operation wound two months after 
inoculation. Smears from the pus exudinp from this alxlominni uound showed many 
acid-fast bacilli including larpo and .'^mall globi. week later small erythematous lesions, 
•showing a tendency to ulcerate, were found on both sirle.s of (he original incision. The 
monkey looked ill. and was sacriliced. Smears from the alalominal woimd sliowed 
clusters of acid-fast bacilli with manv globi ; .scraping.s from lesions of the abdominal 
wall also showed many bacilli : smenns from liver and kidney also showed acid-fast 
bacilli. These workers concluded that it n|)pcarefl possible to ijifcct a monkey by 
performing preliminary splenectomy and embed(iing a nofiule in the peritoneum preferablv 
bv fi.ving it to the splenic stunif). 

^Ve have attempted to transmit human leprosy to .spleneetomixed monkevs bv a slightly 
modified method, and our results are report cfl in this paper. 

PitKSK.VT \yoi:K. 

77fr method.'; a.'.rd. 

Treatment of the animais pirrinu.'; fa hioriilafian. — Six monkeys (Mararns rhe-fus) were 
employed in the e-vimriment. Prior to being inoculated with lejmous material the animals 
were splenectomized under chloroform. .An incision about 2" long w/is made in the nhclominnl 
wall over the region of the .splcoji. After retracting flu' .skin, fascia and abdominal muscles, 
tlie sijleeu was located, and it was removed after ligating its ])ediclc securely with silkworm 
gut. The operation wound was then clo.scd ; the ])critoneal and muscular layers were stitnied 
with silkworm gut, tind the skin was closed with Alichcl’s clips. Due j)reca'Utiou was taken 
to prevent sepsis and concealed Iimmorrhagc. After the operation, and thronghont the 
experimental period, the monkc}-.s were housed under good hygienic conditions separate. from 
other monkeys, as our previous experience had shown tliat the spleneetomixed monkeys are 
very susceptible to pulmonary tuberculosis. 

The inocidum. — Clippings were obtained from the car-lobcs of an advanced case of leprosy 
of the lepromatous type. The cutaneous layer of the clippings was removed, and the lemammg 
mass rvas ground with a glass-rod in a sterile hard-glass test-tube, containing a little 
ground-glass. The ground mass w’as then suspended in sterile normal saline, the suspen- 
sion was allowed to stand for a few minutes, and the supernatant fluid was then pipetted on. 
A smear made from this fluid and stained by the Ziehl-Neehsen method showed abundant 
acid-fast bacilli and no contaminating organism. This cimdsion was used for inoculating 
the monkej’-s. 

Methods of inocidation. — Tw'o weeks after the removal of the spleen, each monkey was 
inoculated intraperitoneally wdth 5 c.c. of the above emulsion. 

The number of inoculations. — Each monkey was inoculated twice ; the re-inoculation was 
made two months after the fir.st inoculation, the same method being used. 

Period of observation. — Three monkeys died betw^eeii 3 and di years after the first 
inoculation, and the remaining three were sacrificed years after the first inoculation. 


“ The examinations made. 

External examination. — During the period of observation, each monkey was periodically 
examined for the presence of any external signs of the disease, e.g. patches, nodules or ulcers, 
etc., on the face or body. 
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Lcpfomiii test . — One year and four months after the second inoculation with leprous 
material, each nionlcey was tested intradermally with 0'02 irg. of nucleo-protein fraction of 
Hansen’s bacillus prepared by the method previously described by one of us (Dhaimendra. 
1943). The test was repeated eight months later using the same antigen. Each monkey 
was observed for the appearance of any reaction at the site of injection. 

Posl-morlcm examimdon . — After an animal died or was killed, it was first examined 
for macroscopic lesions in the various tissues, viz. liver, lungs, omentum, superficial and deep 
lymphatic glands. Smears were then made from the various tissues, stained by the Ziehl- 
Neelsen’s method, and examined for acid-fast bacilli. 


The findings. 

External . — There was no external sign of leprous infection in any monkey. In some 
monkeys the tail appeared to be a little swollen and red about nine months after the first 
inoculation; this swelling and redness disappeared later, and was not considered to be of 
any significance. 

Lepromin lest . — Intradermal tests with nucleo-protein fraction of the Hansen’s bacillus 
did not produce any reaction at the site of injection. 

Post mortem . — In none of the animals were there found any gross pathological changes 
suggestive of leprous infection. The macroscopic and microscopic findings made in these 
animals are summarized below 

Macroscopic . — In only one animal a post-operative peritoneal adhesion was found 
at the site of the removed spleen. There was no such local lesion in the peri- 
toneum of the remaining animals. 

In ordy one animal axillary and inguinal glands were slightly enlarged. No 
enlargement of any of the lymphatic glands was found in the remaining animals. 

In only one animal a suspicious nodule was found in the omentum. No macro- 
scopic lesions were found in any of the monkeys in the abdominal viscera and 
lungs. 

’ Microscopic . — No acid-fast bacilli were found either in any of the lesions noted 

above or in any of the normal looking viscera and glands. 


Conclusions. 

• 

1. It has not been possible to transmit human leprosy to splenectomized monkeys. 
Thus we have-not been able to confirm the report of Cochrane et al. regarding the possibility 
of infecting splenectomized monkeys with human leprosy. However, our method of inocula- 
tion differed from that of Cochrane et al. ; they introduced a piece of leprous nodule and 
fixed it to the splenic stump, while we injected leprous material intraperitoneally some 
days after splenectomy. 

2. In none of our monkeys were acid-fast bacilli found at the post mortem. It is a wcll- 
recognized fact that the lepra bacilli, even the dead bacilli, have remarkable powers of persis- 
tence in tissues of living animals. The failure to find some of the injected bacilli in our 
monkeys is believed to be due to the long interval that elapsed between the inoculation 
and the post mortem. It appears that the injected bacilli do not persist for periods as long 
as three years or more. 

3. The results of the lepromin test, performed with the nucleo-protein of the Hansen’s 
bacillus, show that none of our monkeys had been sensitized to the products of this 
baciUus, oven after being inoculated twice. It appears that the number of bacilli 
contained in the amount of suspension injected (10 c.c. in two injections) was not 
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sufilcient (o sensitize the nniinnls : other vrorlcers hnvc reported the development of nn 
allergic state after repented inoculations. 
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IntroJiuction. 

The sulplianilamide group of drugs aare known to possess a bacteriostatic or bactericidal 
action on a large variety of pathogenic organisms. A study was planned in the Leprosy 
Department, Calcutta School of Tropical Medicine, to investigate whether these drugs possess 
any such action on Myco. lepree muris, an organism allied to the causative organism of 
human leprosy. The investigation was to include a study of the action of these drugs (a) 
in vitro and (b) in vivo. 

The results of the first part of the study were reported by Dharmendra and Bose (1943) 
who concluded that sulphapyridine and sulphanilamide in a dilution of 1 in 1,000 possessed 
a bactericidal effect in vitro on Myco. lepree muris, if allowed to act on the organism at 37°C. 
for 48 hours. The results of the second part of the study are reported here. 

Some workers have studied the effect of these drugs on experimental tuberculosis in guinea- 
pigs, and on experimental rat leprosy in white rats, and have reported varying results. Rich 
and Follis (1938) and Greey et al. (1938) reported that these drugs had an inhibitory effect 
on the development of experimental tuberculosis in guinea-pigs, but Smithburn (1938), Kolmer 
et al. (1938) and Steinback and Dillon (1939) did not find them to have any such action. Cowdry 
andRuangsiri (1941) found in a small series of leprous rats that repeated subcutaneous injec- 
tions of promin (sodium salt of p'p'-diaminodiphenyl sulphone-NiN'-di dextrose sulfonate) 
did not modify the course of the disease in any way, but that the survRal time of the treated 
animals was somewhat longer than that of the controls, and that at the conclusion of 
the experiment the treated animals were definitely in better condition than the controls. 
Krakower et al. (1943), on the other hand, found that in rats experimentally infected with rat 
leprosy, a diet containing 1 per cent of sulphanilamide given during the whole of the experi- 
mental period of one year, modified the course of the disease to a great extent. In the rats 
fed on sulphanilamide, only very small leprous lesions developed, and the regional lymph 
glands were affected to a small extent without any other distant metastasis ; the control 
animals developed large leprous masses, local ulceration, and extensive metastasis in the 
glands and internal organs. 

Present investigation. 

The experimental procedure. 

The drug used. — An aqueous suspension of sulphapyridine (ht. & B. 693) was used. 
A 1 to 2 per cent suspension was made by grinding the sulphapjaidine tablets in a mortar and 
adding the requisite amount of normal saline. For the administration of smaller doses a 
1 per cent suspension was used, and for bigger doses a 2 per cent suspension was used, so that 
not more than 2'5 c.c. of the suspension had to be given to each rat at one time. 

The method of administration. — The drug was given orally using an oesophageal cannula as 
described by Paul (1943). The cannula consists of a straight needle about 3 to 4 inches long, 
one end of which is made bulbous with lead, and the other end fits the nozzle of a syringe 
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tiglitly. Tlic fliiim/fJ is held bj- iin assistant witli ifs head upwards and the jaw pushed back 
so that the lioad, neck and trunk arc in n stmigiit. line. 'J J,c r j eiator then r.j ens the nxwth 
of the animal from the side, pre.s.sinp: on <}ic foii'me by menns of an bidinaiy foiccj-s. Ihc 
bulbous end of the needle is inlroduced into the moutli* and the needle is direr fed centrally and 
slightly backu-ards till it touches the back of the jialafo, it is (hen f)ijshcd very lightly 
downwards and goes easily down the pharynx into the frsnjdiagn.s. Fluid is drawn inside 
the syringe to the required mark, and the rest of the syiingo is tilled with air. The svringc is 
now inverted and its nozzle is attacherr tightly to the pro.vimal end of the needle. The 
fluid is then slowly injected. By this method a known amount of the drug is introduced 
directly into t]ic stomacli. 

'J'hc (losc~ln the preliminary o.vpeiimcnt a daily do.se of dO ir-g. of the drug was given 
to white rats with an average weight of SO g., but f liis do.se was found to be too toxic and had 
later to be cut down. Jn a further experiment a .small dr sc of JO n g. was given and then 
gradually raised to 40 mg. Tlie rats stood tlii.s intronsing do.se quite well, 

Tire administration of tlie drug wn.s started 2 or .I dny.s before the rats were e.vp cr irncntnlly 
infected with rat-leprosy material. 'The drug wn.s given once a day in the afternoon, the 
animals Ircing given their n.sual diet in the nrorning. 

T//e iiU'Oiods of i)wnilatio» of rols . — .An emulsion rich in rat lcpro.sy bacilli was prepared 
from the liver and omentum of a rat .sulVcring from experimental rat leprosy. One c.c. of 
this emulsion was given to cacli rat, Dm c.c. intrapciitoncally into tlie abdomen, and c.c. 
subcutaneously into the rigid groin. 

The eraviinations jmde . — Kacli rat was observed daily at the time of feeding the drug. 
AVhen an animal died or was sacrificed, its liver, spleen, omentum and superficial and deep 
lymphatic glands were examined macro-scopically, and smears taken from these organs 
were stained by the Ziehl-Neol.sen method and examined for tlie presence of acid-fast bacilli, 
T^o histological c.xarnination of tlie affected organs was made, since these organs had gross 
and cliaracteristic lesions. 


The j}rch'7mnary cxjicrimcnt. 

Details of (he experifnc/it. — Thirty-eight white rats with an average weight of 80 g. "were 
u.sed for this experiment. All the rats were infected with lat-Ieprosy material ; 18 of these 
vats were fed with Al. & B. (193. while the remaining 20 were not given any drug and seiwefl 
as controls. 


The rats in the treated grouj) received 40 mg. of hf. & B. 693 daily for the fu'st 3 days 
and 50 mg. da.ilj'^ for the next 3 da 3 ^s. Most of these rats could not tolerate this dose, and 
at tlie end of this period became seriously ill, looking very emaciated, witli ulcers about the 
nostrils. The administration of the drug was suspended, hut in spite of this 10 rats died 
within the next 10 days. The other 8 rats improved, and the administration of the drug 
was resumed after 2 weeks’ suspeusion, but the dose was reduced to 10 mg. daily and later 
raised to 20 mg. daily. The treatment of these rats was continued for another 2|- months 
during which 8 rats received the full course of treatment amounting to a total of 1T6 g. of 
AT. & B. 693 ; the other 5 died towards the end of the period of treatment having received 
a slightly lower total dose. 

Results . — The 10 rats that received only a week’s treatment and died within 3 weeks of 
the commencement of the experiment have been excluded from analysis since this period is 
too short ; it was obvious that they died of the toxic effect of the drug. The other 8 rats 
died from 3 to 4-| months after the commencement of the experiment, and were thoroughly 
examined. In all of these 8 rats, lesions were found in the internal organs, and smears from 
the affected organs showed large number of acid-fast bacilli {Myco. lepras tnwis). 

Of the 20 control rats (untreated) 2 died within 3 weeks of the inoculation and were not 
examined, the remaining 18 died from 2 to 6 months after the inoculation and all had 
developed lesions of rat leprosy. 
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The lesions in the rats in the two groups (the treated and the control) showed no 
differences either in nature or in extent. 


The second erperimenl . 

Details of the experiment. — Twenty-two white rats with an average weight of 98 g. were 
used. Twelve of these were fed on sulphapyridine and the remaining 10 were kept as control. 
The treated rats received 20 mg. of i\l. & B. 693 daity for 53 days, 30 mg. daily for 24 days 
and 40 mg. daily for 44 days. Three of the treated rats died within 3 weeks of the com- 
mencement of the treatment, while the other 9 received the treatment for 4 to 5 months. 
Three of these received a total dose of 3'27 g. of the drug and the other 6 slightly less. 

Besiilts . — Of the T2 treated rats 3 died within 2 weeks and therefore were not examined. 
The remaining 9 died or were sacrificed from 4 to 6 months after the commencement of 
the treatment. All showed heavy generalized infection with enlarged liver, Spleen and 
omentum. A large number of acid-fast bacilli were found in smears from the affected organs. 
Of the 10 untreated rats one died too early to be examined, and the other 9 died from 3 to 
41 months after the inoculation. All these 9 rats showed heavy generalized infection with 
enlarged liver, spleen and omentum, and a large number of acid-fast bacilli were found in 
smears from the affected organs. 

There was no difference in the two groups as regards the nature and extent of the lesions. 
Some of the treated rats survived for a longer period than any of the control rats ; all the 
control rats died within 135 days after being inoculated, while 3 of the treated rats lived 
for 150 days or longer. 

COXCLUSIOXS. 

1. It appears that rats with an average weight of 80 g. cannot tolerate orally an 
initial daily dose of 40 mg. to 50 mg. of sulphapjTridine. However, after preliminary 
treatment with small repeated doses the animals can tolerate this close quite well. 

2. Under the conditions of the experiment described herein, sulphapyridine has failed 
to modify the course of experimental rat leprosy in white rats. The drug does not appear 
to have an inhibitory effect in vivo on Myco. leprce nmris, although in ritio it has been shown 
to have a bactericidal effect in a 1 in 1 .000 dilution. 

3. We have thus failed to confirm the work of Krakower et al. {loc. cit.) who reported 
that the feeding of sulphanilamide modified the course of the disease to a great extent, only 
small leprous lesions appearing in the treated rats, whereas large leprous lesions and 
extensive metastasis developed in the untreated control rats. Our findings are in keeping 
with the findings of Cowdry and Euangsiri (Joe. cit.), who found that repeated subcutaneous 
injections of promin did not modify the course of the disease in any way. 
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Standard metliods for the demonstration of Negri bodies, such as Mann’s or 
Fotheringham’s, are apt to be tedious and uncertain ^Moreover, while they clearly 
differentiate the Negri body itself, staining is often uneven and unsuitable for a general histo- 
logical study of the material, with special regard to encephalitis. The following method 
is technically simple and has given eminently satisfactory results ; — 

1. Fix thin slices of hippocampus and cerebclhim in 10 per cent formal saline for 24 hours 
and prepare parafBn sections in the usual manner. 

2. Take sections to tap-water. 

3. Stain with Welgert’s iron-haematoxylin for 10 minutes. 

4. Rinse in water and transfer to Masson’s ponceau 2R-acid fuchsin, diluted 1 ; 10 with 
distilled water, for 5 minutes. 

Stoch. — ^Ponceau 2R . . . . . . 0-7 g. 

Acid fuchsin . . . . . . 0‘35 g. 

Glacial acetic acid . . . . . . 1 -0 c.c. 

Aq. dest. . . . . . . lOO'O c.c. 

5. Rinse in water and transfer to 1 per cent phosphomolybdic acid for 5 minutes. 

6. If necessary, differentiate in 5'0 per cent sulphuric acid till sections are bluish red. 
Rinse well in water. 

7. Dehydrate, clear and mount in the usual manner. 

N.B . — (?) Stage 6 must be carefully controlled ; 2 or 3 minutes usually is sufficient 
but the exact shade can only be learned by experience, (ii) use the I" objective and artificial 
light, [in) Negri bodies appear deep red. nuclei greyish black and cytoplasm pale mauve. 
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I. Introductiox. 

The findings to be described in this paper came to bglit in the course of an investigation 
undertaken primarily for the purpose of improving present methods for the diagnosis of rabies 
in animals. 

Although it is generally accepted that the presence of Negri bodies in the brain is definite 
evidence of rabies infection, failure to demonstrate these bodies, vrliile providing strong pre- 
sumptive evidence against rabies, leaves the diagnosis in doubt and necessitates the issue 
of an inconclusive report. 

In the course of these investigations the writer encountered appearances in the mid-brain 
of guinea-pigs, erqrerimentally infected with rabies, which have not, apparently, been 
previously described. It is noteworthy that previous histological studies cn the brains of 
rabid aninrals have been carried out chiefly on the hippocampus major and that the cerebellum, 
and particularly the mid-brain, have received little attention. The peculiar appearances 
encountered have been intensively investigated over the past six years and the conclusion has 
beeir reached that they are due to the jrresence of a parasite, probably protozoal in character, 
which is specific to the central nervous system. It has not been possible to identify this 
parasite with any previously described, such as Encephalitozoon cimiculi, or any knorem 
species of toxojrlasma. A full descriirtion of this protozoal parasite is given in this paper. 
It has never been observed except in animals naturally or experimentally infected with 
rabies and the possibility of its association with the {etiology of rabies has, therefore, been 
discussed in some detail. 


IT. i\lATERlALS AXD METHODS 
1. Strains of vims used. 

ilost of the observations to be recorded were made on the brains of animals, chiefly 
guinea-pigs, experimentally infected with cne or other of tv o strains of ‘ street ’ virus isolated 
from the brains of animals naturally infected with rabies. One of these strains was 
isolated from a jackal and the other from a dog. A more detailed description of each is 
given below ; — 

(a) Jaclcal (J) sOca'u.— This strain was isolated from the brain of a rabid jackal in 
September 1937. The jackal's brain shoe ed typical Negri bodies. A guinea-pig inoculated 
subdm'ally with a suspensioir of this jackal's brain developed ‘ frrrious ' rabies on the fifteenth 
day after inoculation and died on the sixteenth day. Serial passage of this strain by subdural 
inoculation was continued in guirrea-pigs during which the incubation period became pro- 
gressively reduced. At the third passage (February 1939) the incubatiorr period was twelve 
clays ; at the fifth passage (November 1939). ten days ; and at the sixth passage (February 
1940), eight days. From the seventh to the nineteenth passages, the incubation period varied 
from six to eight days, but fronr the twentieth passage oirwards it was reduced to five days. 
Up to the tinre of writing this strairr has been passaged serially in guinea-pigs twenty-five 
times. During the last nine passages, when the incubation period was. reduced to only five 
days. Negri bodies were present only in very scanty numbers and were detectable only bv 
prolonged examination. 


Thi- •u'ork foTaied part of a thesis accepted for the D. Sc. degree in the Andhra tTniTersitv, 
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From the (iino of (Irsl. isolnlion, nvor five Imiulrcd aiiimnls have hocMt itifccff'd Ity various 
routes \villi fliis strain at various stages of it.'- passii^e in ;,'iMnea-j>i;.'s. 'lypital svni],ton)s 
of rabies oeenrred in e\crv ease'. 

tJnii\ea-|»i<'s inoenlated sulahirally willi the jaeloi! strain sliowed syniploins of furious 
ral)ics durinji the earlier passages. 'Fliey were very exeital>Ie anrl rnsfied about their cages, 
falling down from time to time. There was a marked tendency for the animals to bite the 
cage wires. Tn some eases death occurred suddeidy during the excitable stage, wliile in 
others, paralysis was obser\'ed prior to death. l*T(nn the twentieth j'nssage onwards, wlion 
the incubation jieriod was reduced to five days, death from j)aralvtic. ralnes was the rule. 
In those animals in which infection was induced by intraperitoneal or intramu.«cular injection 
j)aralytie rabies developed. 

(b) J)o<i {!)) slmiii . — ^’|lis strain was i.solated from the brain of a rabid dog in August 
1012. Typical Negri bodies were observed in the brain. A guinea-pig ifioculated subdiirally 
with a suspension of the brain of this ajiimal develoj)ed paralysis mi the eighth day and died 
on the ninth day. Negri bodies were found in the luain. Serial jiassage of this strain of virus 
was continued in guinea-pigs and. up to the tiine of writing, the strain lias been passaged 
fifteen times. Up to the seventh passage the incubation period varied from six to eight day.s. 
but from the eighth jiassage onwards, it was reduced to only five days. All the guinea-pigs 
used forthc passage of this strain showed .symptoms of paralytic rallies. Typical Negri bodies 
wore observed in the brains of animals used during the earlier jiassages. but from the eighth 
pas.sage onwards, Negri bodies beiuime increasingly reduced in number and size. 

(c) Other slrainfi . — Other strains of ‘ street ’ and ‘ fixed ’ virus were ii.sed in later e.xpcri- 
meuts and will be described in the appropriate places in the text. 


2. Made of itifecliov of anivnds. 

Infection was induced by the inoculation of 0-2 c.e. of the clear supernatant after centri- 
fuging a 10 per cent suspension of brain ti.ssue. In most eases, experimental infections were 
induced by subdural inoculation. In .‘<omc ca.ses, however, animals were infected by the 
intramuscular (neck muscles), intravenous, intrasciatie or by the intraperitoneal route. 
Suspensions of other tissues, such as the .sciatic nerve, or the submaxillary gland were used 
in some cases. In some of the later experiments, suspensions were filtered through Berke- 
feld V, N or "W candles. 

‘1. H i.stolofjicat technique. 

Histological studies were carried out chiefly on tissues fixed in Zenker's fluid, embedded 
in paraffin, and stained with hfann’s stain, iron-haomatoxylin (long process) and, in most 
cases, with Giemsa’s stain for twenty-four liours. 

Serial sections of hippocampus major, cerebellum, and mid-brain at the level of the 
oculomotor nucleus, were made as a routine in all oases. Subsequent to the discovery 
of appearances suggestive of the presence of a protozoal jiarasitc. sections of other organs 
were also studied, including the .salivary glaqd, liver, spleen, kidney, lung and bone-marrow. 


TIL Dr.scrtption or proto/oai. para.sitr. 

The protozoal parasite to be described below was first encountered in the mid-brains of 
guinea-pigs infected with the jackal (J) strain described above and has been most exhaustively 
studied in material derived from them. Further observations were made on the brains of 
guinea-pigs infected with the dog (D) strain already described, as well as in experhnentalh' 
infected rabbits and naturally infected jackals and dogs. 

In all cases, the presence of the parasite was associated with typical Negri bodies, the 
latter being found regularly in the same sections and even in the same cells (Plate III, 
fig. 10). 
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The iDamsite to he described, with the exception of certain cystic forms of doubtful 
significance, invariably occurred in the cytoplasm of nerve cells, particularly those ventral 
to'^the centiul canal of the mid-brain. In a few cases, parasites were found also in the Purkinje 
cells of the cerebellum (Plate lY. fig. 15), and in the hippocampus major. Although exhaustive 
searches were made in sections and smears of other organs and tissues, no evidence of the 
parasite was detected except for some doubtful forms encountered in the ganglion cells 
of the salivary glands (Plate VI, fig. 46). The following description is based chiefly on a 
detailed study of the appearances observed in the brains of animals infected with the jachal 
(J) and the dog (D) strains referred to above. 

‘ Spore ’ for)ns.—The smallest forms of the parasite encountered were minute ‘ spores ’. 
They were regularly fouud in the mid-lirains of the naturally infected dogs and jackals referred 
to later and in the brains of guinea-pigs inoculated with suspensions of their brains (Plate III, 
fig. 3). They were less frequently encountered in the brains of animals inoculated with the 
jackal (J) and dog (D) strains. The ‘ spores ’ stained dark blue with Giemsa’s stain and blue 
with Jlann’s stain. They were always found in the cytoplasm of the nerve cells. Their sizes 
varied. The largest ‘ spores ’ were about half the size of H. influenzce, and the smallest could 
be seen onlv with difficulty under high magnification. The ‘ spores ’ might be found arranged 
singly (Plate III. fig. 1), or in pairs (Plate III, figs. 2 and 3), the latter arrangement being 
very common. They might occur in small groups (Plate III, fig. 4). or in large groups (Plate 
Illj fig- 8), Sometimes, the cytoplasm of the nerve cell might be studded with these forms 
(Plate III. figs. 6 and 7). Occasionally, a group of ‘ spores ’ appeared to be surrounded by 
a thin wall (Plate III. fig. 5). The ‘ spores ’ might be found in the same cell -with the other 
forms of the parasite (Plate YI, fig. 40). 

Young forms. — The next stage of the parasite appeared to be the ‘ ring ’ form. The rings 
were variable in size. They might be very small, 0'5g to Ig (Plate III, figs. 9 to 11), or large, 
7/i to 8/r (Plate IV, figs. 16 and 17). Intermediate sizes were also found (Plate III, fig. 12 : 
Plate IV, figs. 13 to 15). The protoplasm of the parasite stained red with Giemsa's or Mann’s 
stain, and was usually seen as a delicate, regular ring surrounding a vacuole. The chromatin 
mass stained blue with Jlann's stgin and dark blue with Giemsa's stain, and was usually single 
and prominent. It might be round or oval, and was variable in its position wdthin the vacuole. 
It was usually situated in the centre of the vacuole (Plate III, fig. 12), but sometimes, it 
might he close to the margin of the protoplasmic ring (Plate IV, fig. 15). The ring forms of 
the parasite were always found in the cjiioplasm of neiwe cells. A single ring might be present 
in a cell (Plate III, figs. 9 and 12 ; Plate IV. figs. 13. 14 and 16), or two rings (Plate III, fig. 11 ; 
Plate IV, fig. 15), or several rings (Plate III, fig. 10). Occasionally, the ring forms were found 
lying on the nuclear margin of the nerve cells (Plate IV. figs. 13 and 16). 

Certain forms resembling the accole forms of the malaria parasite were occasionally found. 
These forms consisted of a crescentic bridge of cytoplasm with a rounded chromatin dot. They 
might be in the c}d;oplasm of the nerve cell (Plate IV, fig. 19), or might he situated over the 
nuclear margin (Plate IV, figs. 18 and 20). The chromatin in these forms might be in the 
centre (Plate IV, figs. 18 and 19), or at one end (Plate IV, fig. 20). 

Qrowing forms. — In sliglitly older forms, the chromatin mass was slightly larger, the 
protoplasm thickened and the parasite assumed a variety of shapes. It im'ght be rounded 
(Plate IV, fig. 21), oval (Plate lY. figs. 22 to 24), fan-shaped (Plate V. fig. 25). pear-shaped 
(Plate V, fig. 26). elongated (Plate V. fig. 27). or irregular in outline (Plate V. fig. 28). The 
chromatin mass might be rormd or oval and situated in the centre or at the periphery of the 
protoplasm. 

Dividing forms. — Segmentation of the chromatin appeared to be the next stawe in the 
development of the parasite. In the segmenting forms the protoplasm appeared to be a 
solid mass with a varying number of chromatin dots. The chromatin nu»ht be divided 
into two fragments (Plate V. figs. 29 and 30). or three to six fragment.® (Phte'v fif^s 31 to 
34). or more numerous fragments (Plate V. fig. 35 : Plate VI. fig. 37). The fmmnents of 
divided chromatin might be arranged in linear fashion (Plate V, figs. 32 and 33). or in a cluster 
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(Plnte iii'.s. :{1 !uul 35). 'I’lic mixli- of nrnm^oiiu'iit to floiicnd firi tlir nntiirc of the 

.space iiviulfil)lo wtliiii t'lic cytopluHiii of flic cell. The nucleus of flic nerve coll might ho 
pushed to one .side hy (he dividing form (Plate V. fig. :55). In ccitain ca.sc.s, flic .segraonting 
forms appeared to he svirrouiulod oil her partly or complcfclv hy a thin wall. 

Tlio. condensafion of the cyto|)ln.sui round the fragment.s of (diromatin (Plate VI, lig. .‘)7) 
and sejiaration f)f oval-shaped hinlies with a single nucleus lescnihling mcrozoite.s (Plate VI. 
fig. 38) wore ohserved. 


Ihe limits of toleration of the ncr\'c eidl tf) these horlie*. L'if)wing Avithin its evtopla.‘:iii 
were sur[)rising. I he whole cell might he filled nit It the diviriing form and (lie mielous and (lie 
nucleolus miglil still remain intact (Plate fig. I tegeuerative changes were generallv 

more marked in the nerve cells sliowing the 'spore forms eomji.ared wit)/ fho.se .sdiowing 
the oilier st/iges of the p!ir.'isife. 

hinalh'. the eell might flisinteg/atc .and foii/in n'-icnihling me/ozoites set free (Plate Vi. 
fig. 30). 

It wn.s [lossihle to demonstrati' all the st;iges of de\‘eh)pmeut of the [lanisitc in tlie l/riiiii 
of a single aniimil. 


During (his stiuly. eert:iin ' cystic ' forms were encountered in the hruins of four guinea- 
pigs. Tlic relationship, if any. of these forms to the p/irasifc is not clear. Tlicse rounded 
cysts appeared to represent a collect ion of spore.N eiudfised within a wall. The ev.st.s were 
situated outside the nerve cells in all eases. They wore encountered iti the )iip])ocainpus 
major, eerehollum and miil-liniin of three dillerent guinea-pigs inoenlatcd intranniscularly 
with (ho jiickal (.T) strain. 'I'hev w/we also found in the mid-hrain of ii guinea-pig inoculated 
.suhdurally with tlio dog (D) stniin. lndi\ idn!il .sjiore.s forming a cyst appeared to lie uniform 
in size hut thc*.si/,c of t he spfu-es indilTerent guinea-pigs varied. Wliethcrthe larger spore." 
rcprc-scntcd the mature forms of the smaller one.s, it is difliculf to .sjiy. 


The Frukjrit mictiim for the demonstration of (dirom/itin v/is tried on sections of the 
brains of animals showing (ho parasite. The brains were fi.ved in Zenker's fluid. It wasfound 
that the (dironiatin of (he parasite, gfuietidly. did not give (lie Fcidgcn reaction. • • 


The chnmjrs i)i thr co)is[ilucit/.\ oi (he nerve cells in the lu-jiims showing tlio imesence 

of the parasite were studied in .some eases. \o evidence w/is found to suggest that the 
various forms of (he pani.site were (ho result of /ilteratious in the con.stitiients of nerve cells. 


IV. Co.VOITinXS UNDICI' WUirit TMU ]*.\l!ASrriC WA.S OU.SIcnVKJ). 

No evidence of the parasite dcseril/cd above was detected in the brains (hip])ocauipus 
major, cerebellum and mid-brain) of sixty guinea-pigs wjiicli died as a result of infection with 
the jackal (J) strain of virus jjrior to the sixth serial pas.sage in guinea-pigs, i.e. when the 
incubation ireriod varied from ten to fifteen days. Negri bodies were, however, invariably 
present. Subsequent to tlie sixth passage with this strain, i.e, Avhen tlie inenhation period 
of the virus was reduced to eight days, the parasite was invariably found. Several attempts 
were made to detect the presence of the parasite in the brains of guinea-ings inoculated with 
other strains of ‘ street ' virus without success. In each case the incuhntionpeviod jji guinea- 
pigs was fifteen days or more. When, howe^'er. the dog (D) strain described above was isolated 
the incubation period on first pa.ssage was only eight days and forms ideJitical with those 
described above were demonstrable in the brain. The parasite was detected in the .brains 
of thirty-eight guinea-jiigs inoculated subdurally with the jackal (J) strain and twenty 
guinea-pigs inoculated subdurally with the dog (D) strain. The brains of one lumdred 
and forty-two guinea-pigs inoculated intramuscularly with the jackal (J) strain and ten 
-guinea-pigs inoculated iutramuscularlj’- with the dog (D) strain, .were carefully examined 
and the parasite -nras detected in all of these animals. The brains of two guinea-pig^ 
inoculated intraperitoiieally with the jackal (J) strain and two guinea-pigs inociilatec 
intraperitoneally ^v•ith the dog (O) strain, revealed the jiresence of the para.site in cac \ 
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case. The parasite was demon-strable in the brain of a guinea-pig whose sciatic nerve was 
asepticallv exposed and pricked by a needle infected with the jackal (J) strain virus. The 
occurrence of the parasite in the brains of the experimental animals was. therefore, 
independent of the mode of infection of the experimental animals used. 

The clear supernatant obtained after ceutrifugalization of a 10 per cent suspension of the 
brain of guinea-pigs infected Avith the jackal (J) strain or dog (D) strain virus in serum water 
was filtered through Berkefeld Y. X and Y' candles and the filtrates inoculated subduxally 
into guinea-pigs. The brains of two guinea-pigs inocidated with the Y filtrate (Plate lY. 
fig. 13 ; Plate Y, fig. 33) and one guinea-pig inoculated with the N filtrate (Plate lY. fig. 17) 
of the jackal (J) strain virus showed the presence of the parasite. The parasite was also 
demonstrable in the brain of a guinea-pig inoculated with the Y filtrate and another inoculated 
with the N filtrate of the dog (D) strain virus. The Berkefeld lY filtrates of the jackal (J) 
or dog (D) strains of virus did not prove to be infective. 

The parasite was detected in the brains of guinea-pigs inoculated subdurally with suspen- 
sions of the submaxillary glan.ds of other guinea-pigs which died as a result of infection with 
the jackal (J) or dog (D) strain of virus (Plate III. fig. 5 ; Plate lY. fig. 14). 

In one guinea-pfg inocidated with the jackal (J) strain and killed at the onset of the 
disease the parasite was found in large numbers in the mid-brain but the Kegri bodies were 
very scanty. Relatively smaller numbers of parasites and numerous Negri bodies were 
encountered in the brain of another guinea-pig inocidated with the same material but allowed 
to die of the disease. 

The parasite was also demonstrable in the brains of other animals inoculated with the 
jackal (.1) and dog (D) strain. 

Rabbits . — The brains of two rabbits inoculated subdurally with the jackal (J) strain and 
two rabbits inocidated subdurally with the dog (D) strain showed the presence of the parasite. 
The parasite was also demonstrated in the brains of gidnea-pigs inoculated with suspensions 
of the brains (Plate lY. fig. 24 : Plate Y. fig. 36), or sciatic nerves (Plate III. fig. 12) of rabbits 
infected with the jackal (J) or dog (D) strain. The brain of a rabbit inoculated intraperito- 
neaUy with the jackal (J) strain and the brains of two rabbits inoculated intrapeiitoneally 
with the dog (D) strain revealed the presence of the parasite in every case. The parasite 
was demonstrable in the brain of a rabbit inoculated intravenously with the jackal (J) strain 
and in another rabbit inoculated intravenously with the dog (D) strain. The parasite was not 
detectable in the brains of twenty-five rabbits inocidated intramuscularly with the seventh 
guinea-pig passage of the jackal (J) strain. It was. however, encountered in the brains of 
six rabbits inocidated intramuscularly with the tenth guinea-pig passage of the jackal (J) 
strain virus. The brain of a rabbit inoculated intrasciatically with the dog (D) strain showed 
the presence of the parasite. 

The incidence and morphology of the parasite in rabbits were similar to those observed 
in guinea-pigs. The parasite was never encoimtered in the liver, spleen, k-idneys. lungs, bone- 
maiTow and blood of any of the experimental animals examined. 

Dog'.'.— A few small Negri bodies were detectable in the brain of a dog inoculated intra- 
muscularly with the jackal (J) strain and another dog inoculated intramuscidarlv with the 
dog (D) strain rdriis but no evidence of the parasite was observed in either of these animals. 
The parasite was. however, demonstrable in the brains of guinea-pig> inoculated with the 
brains of the dogs. 

Forms resembling the parasite in natural labks.—The possibility of the para.site being a 
natural infection common to dogs and jackals, unconnected with rabies infection, was 
investigated. The brains of apparently healthy dogs as well as those which had died of 
infections other than rabies were carefully e.vamined for the occurrence of the parasite. The 
brains of tuo jackals which had been killed because they had strayed into inhabited localitie.s 
were also studied. The para^ire was never encountered in their brains, nor were Nem-i bodies 
found. '' 
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Tlio bruins of one buudi'ed clogs, wbicli died of uaiiiral rabies, were studied, ^bese 
braius were sent to the Institute for examination from outside areas. The hippocampus 
major and the cerebellum alone were available for examination in eighty-eight cases, while 
the hippocampus major, the cerebellum, and the mid-brain at the level of the oculomotor 
nucleus were available for study in only twelve cases. Negri bodies were found in the 
brains of all these animals. Forms resembling the ring forms and the schizonts of the 
parasite described above were encountered in the hippocampus major in one case (Plate VI, 
fig. 41) and in the mid-brain in another. 

A recent epidemic of rabies among the canine population around Coonoor provided a 
splendid opportunity to investigate the possible occurrence of the parasite in naturally infected 
animals. So far, it has been possible to isolate twenty strains of rabies virus behaving like 
the jackal (J) and dog (D) strains. Of these ten were from dogs, nine from jackals and one 
from a cow-calf. Particulars regarding these strains are summarized in the Table. 

Various forms of the parasite, a description of which is given below, were encountered in 
the mid-brains of these dogs, jackals and calf. They were invariably found in the cj-toplasm 
of nerve cells, particularly those ventral to the central canal of the mid-brain. The parasite 
was not demonstrable in the liver, spleen, kidneys, lungs, bone-marrow or blood of any of these 
animals. 

The ‘ spore ’ forms of the parasite, already described, were found regularly in the mid- 
brains of all the dogs, jackals and calf (Plate III, figs. 1 to 4 and 6 to 8). The ‘ spores ’ were 
encountered in larger numbers in the brains of jackals than of dogs' and particularly among 
jackals in which the incubation period was relatively short. 

Ring forms (Plate III, fig. 9) and growing forms (Plate V, fig. 28) were found only in 
small numbers. The cytoplasm of the parasite stained red and the chromatin dark blue 
with Giemsa's stain. 

Forms resembling the schizonts of the parasite were commonly found in the mid-brains 
of the dogs, jackals and calf (Plate VI, figs. 40 and 42 to 45). These forms were variable in 
size. They might be found lying on the nuclear membrane (Plate IG, figs. 42 and 43). 
Occasionally, the ‘ spore ’ forms and the schizonts were encountered in the same cell (Plate VI, 
fig. 40). In some cases, a thin wall, which seemed to be formed by the cytoplasm of the cell, 
was found to surrormd the schizont-like form either partly (Plate VI, figs. 43 and 44) or com- 
pletely (Plate VI, fig. 45). The appearances of the latter forms were not diSerent from those 
of Negri bodies. 

The incubation period in guinea-pigs inoculated subdurall)’^ Avith the virus from the dogs, 
jackals and calf generally varied from six to eight days {vide Table). In two instances 
it was thirteen days, but in both these cases the incubation period in the subsequent passage 
was only six days. The incubation period was generally short (six days) in guinea-pigs inocu- 
lated with the brains of jackals showing a predominance of the ‘ spore ’ forms. Guinea-pigs 
usually showed signs of furious rabies, only those inoculated with the brains of jackals 5 and 18 
djdng of paralytic rabies. The parasite was encountered in the brains of guinea-pigs inocula- 
ted udth the brains of the dogs, jackals and calf. The incidence and morphology of the 
parasite were identical with those^ observed in the brains of guinea-pigs inoculated with the 
jackal (J) and dog (D) strains. 

Berkefeld V and N filtrates of the braius of some of the dogs and jackals included 
in the Table were inoculated subdurally or intramuscularly into guinea-pigs. Filtration 
through Berkefeld W candle was not tried because the results with the jackal (J) and dog (D) 
strains of virus had been negative. The parasite was demonstrable in the brains of guinea- 
pigs inoculated with the Berkefeld V filtrates of two dogs (297 and 344) and four jackals (15 
18, 298 and 359) and the Berkefeld N filtrate of one dog (342). ' 

V. The xature of the parasite. 

_ Having arrived at the conclusion that the appearances de.scribed above repre.sented 
various stages m the hfe-cycle of a protozoan parasite, it was suspected that this parasite 
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Sole . — All iiiicrophotogrnjih'- nrc ItI.-mi from •■••ctioii* of niiii-iirain" otlicr'!vi%o stated. 

]*A-i'i..\N.\'riox or Plati: HI. 

iServc cell showing sintric spores scattered in the cytoplnsin. Gicnisa. X 840. 
Xerve cell showing .sj)orcs scattered in tlie cytoplasm. Pome of them are in groups 
of two. Giemsa. X 810. 

Xerve cell sliowing .sjiores in groups of two. Giemsa. X 810. 

Xorve coll showing spores arra'nged in small grouj)S in the eytojdnsm. Giemsa. 
X 810. 

Xerve cell showing a collection of .sj)ores which a))))cars to be surrounded by a thin 
wall. Giemsa. X 700. 

Xerve cell showing a collection of small s])orcs. Giemsa. X 810. 

Figure showing two nerve cells studied with .spore forms. Giemsa. X 840. 

Xerve cell .showing a grotij) of larire spores. Giemsa. X 810. 

Xerve cell showing a small ring. Giemsa. X 810. 

Xerve cell showing several small rings and a ty])ica’l Xegri ))ody. Jiann. X 700. 
Xerve cells showing rings of ditrerent sizes. I\rnnn. X 700. 

Xerve cell showing a .small ring with a cctitral chromatin. Mann. X 700. 
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PLA’in III. 



Tig. 10, 


Fig. 11 


Fig. 12, 



Pl.vii: lY 





Fie. 13. 


r 






r - V* 

‘ * 

• '•> ’ 


• f • '.' 

* ^ 


i.' 


Fi;-. U. 


Fi". l.’i. 



t 


m 



« 



Rjr. 10. 



Fi". 17. 



% 


Fig. IS. 



f 


1 


1^.. 


i 

> 

i 




I 


G 


Fig. 19. 


Fig. 20. 


Fie 


21 . 


‘i 

"V. 


*• 






“ , ♦ 




X 


/ 


‘f^e 

K*-' 


g. 22. 




J 

J 



* V.j»' 

I 

t_ 



Fig. 24. 


Fig. 23, 



^gte . — All raiorophotofrraphs are taken from sections of mkl-hrains unless otiicrn-ise stated. 

]CxpLAXAi'iox OF Plate I\’. 

Fig. 13. iS’erre ceJl showing a ring iying on fJte nuclear margin. Giemsa. X 700. 

• ., 14. Nerve cell showing a ring. Gieinsa. y 700. 

In. A Pnrkinje cell of the cerebellum showing a circular and oval ring. Jfann. X 700. 

,, 16. Nerve cell showing a large ring from lying on nuclear margin. Giemsa. X 700. 

,, 17. Nerve cell showing a large ring and two smaller ones. Mann. X 700. 

,, 18. Nerve cell showing an accole-like form lying on ))uclear margin and a growing form. 

Giemsa. x 700. 

,. 19. Nerve cell showing an accole-like form with central chromatin lying in the cyto- 

plasm. Mann, x 700. 

.. 20. Nerve cell showing an acco/e-like form with chromatin at one end and lying on 

nuclear margin, ifann. X 700. 

.. 21. Nerve cell showing a rounded grorving form. Mann. X 700. 

22. Nerve cell showing a growing form lying on nuclear margin. Mann. X 700. 

,. 23. Nerve cell showing two grotving forms, one lying on nuclear margin and the other 

in the cytoplasm of the cell. Mann. X 700. 

., 24. Nerve cell showing a growing form, itfann. X 700. 
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iVo/e.— All iiiic'ro|)li()lo,i'raj>li!- nrc taken froni .•.ection-t of inid-liraini tinlr^-i dllicn'K- ^latC(I. 


KXI'I-ANATION or j’l.ATK 

I’ig. 2D. Xerve coll }-lH)\viiig a fan-sliaped growing form witli cliromatiii at tlic periplicry, 
^fann. x 70(1. 

,, 26. Xerve eel) .sliowiiig a pear-.sIiaj)C(l growing form witli eliromalin at tlie thicker end. 

Giemsa. X 70(1. 

,. 27. Xerve cell showing an elongated growing form with eJiromatin in the centre. Mann. 

X 700. 

28. Xerve cell .showing an irregidar growing form. Giemsa. X SJO. 

20. Xerve cell .showing a dividing form lying on nuclear margin. Tiio cliromatin is 
divided into two fragments. Giemsa. X 700. 

,, DO. Xerve cell showing a dividing form with chromatin divided into t.wo fra gin cuts. 
I\rnnn. X 700. 

31. X'erve cell showing a dividing form with three fragments of cliroinatiu. Mann. 
X 700. 

Figs. 32 and 33. Xerve cell showing a dividing form witli fragments of cliromatin arranged 
in a linear fashion. Giemsa. X 700. 

Fig. 3'i. Nerve cell showing a dividing form with five chromatin dots lying on unclear 
margin. Giemsa. X 700. 

„ 35. Nerve cell showing a dividing form with several /ragment.s of chromatin arranged 

in a group. The nucleus of the nerve cell is pushed to one side. Giemsa. 
X 700. 

36. Nerve cell shoAving three schizont-like forms occupying major portion of the cyto- 
plasm of the cell. Mann. X 700. 
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Plate V. 
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8.^ 



r 


Fig. 28 . 



Fi". 29 . 


ft 


} 

L 


’V 


■tk . 


<» 


Finr 30 . 





X 




\ 



I 




F-g. 31 . 


Fi 2 . 32 . 


Fig. 33 . 


k 

( 

f 


i- 



*81 . 





Fi 2 . 34 , 


Fig. 35. 


Fig. 36 , 



xVo/c.— All niicm]iliof(\"n»jtlm nrc laKcn from rcrttonM of inid-briiinM iiiiIi-.-i ollicnw-c slated. 


KxrLANATioN* or I*i,.\'n: V. 


Fig. 25. Xerve cell .showing a fan-sliii]»e<l growing form with chromatin at tlic ])erij)hcry. 
Mann. X 700. 

,, 2G. Xerve cell showing a j)('ar-.shaj)e<l growing form with chromatin at thetliickcr end. 

Giemsa. X 700. 

27. Xerve cell showing an elongated growing form with chromatin in the centre, Jfaun. 
X 700. 


,, 28. Xerve cell showing an irregular growing f(»rm. Giemsa. X 810. 

,, 20. Xerve cell showing a dividing form lying on nuclear margin. TJie chromatin is 

divided into two fragments. Giem.sa, X 700. 

,, 30. Xerve cell showing a dividing form with chromatin divided into two fragments. 

I\rann, X 700, 

., 31. Xerve cell showing a dividing form with three fragments of chromatin. Mann. 

X 700. 

Figs. 32 and 33. Xerve cell showing a dividing form with fragments of cliromatin arranged 
in a linear fashion. Giemsa. X 700. 

Fig. 3‘1. Xerve cell showing a. dividing form witJi five chromatin dots lying on nnelear 
margin. Giemsa. X 700. 

„ 35. Xerve cell showing a dividing form witli several fragments of chromatin arranged 

in a grou]). The nucleus of the nerve cell is pushed to one side. Giemsa. 
X 700. 

,, 3G. Xerve cell showing three schixont-like forms occupying major portion of the cyto- 

plasm of the cell. iMann. X 700. 
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2fo(e. — All microphotographs are taken from sections of mid-brains unless otherwise stated. 

Explan.\tiox of Plate VI. 

Pig. 37. Nen^e cell showing a form resembling a mature schizont. Giemsa. X 7C0. 

,, 38. hTerve cell showing oval-shaped bodies, each with a single chromatin resembling 

merozoites. Giemsa. X 700. 

„ 39. Figure showing disintegration of nerve cell and liberation of merozoite-like forms. 

Mann. X 700. 

„ 40. Figure showing three nerve cells. The middle cell contains spores and two schizont- 

like forms. The other two cells contain spores. Giemsa. X 840. 

„ 41. Nerve cell from the hippocampus of a dog showing a schizont-like form. Iron- 

hsematoxylin. X 700. 

5 , 42. Nerve cell showing a schizont-like form lying on nuclear margin. Appearances 

suggest that a wall round the schizont is being formed. Giemsa. X 700. 

„ 43. Nerve cell showing a schizont-like form lying on nuclear margin partly surrounded 

by a wall. Giemsa. x 840. 

„ 44. Nerve cell showing a schizont-like form surrounded by a definite wall. Giemsa. 

X 840. 

„ 45. Nerve cell showing a schizont-like form completely surrounded by a wall. Giemsa. 

X 840. 

,, 46. Figure shows two ganglion cells of the submaxillary gland. The cell at the top 

shows a form resembling a ring. Mann. X 700, 

„ 47. A cyst containing small spores situated outside the nerve cell in the mid-brain. 

Mann, x 700. 

„ 48. A large cyst containing spores situated outside the nerve cell in the mid-brain. 

Mann, x 700. 
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1 ) 1 ' i) Jiiiliir.'il iiifi'cliun ('illicr in (lie jinininl.M fioiii wliicli tin- nibifs virn.s .stiiiiiifi wore 
originnJly tk'rivcd. or ji ntituml infection in the e.\'j)(*rinienl;il iminml.s u.sed ndiich u'as being 
passed along with rabies virus. A search of the Hternt nrc revealed no previous record of infec- 
tion with any parasite the description of which corresponds to that reported in this paper. 
1 here is. however, a general rcsembhince to EiH'i'pJinh'fn:oo)i nDiirnli and to certain species 
of to-voplasina. The evidence against a coincidejit infection of this kind is .suinmarimi 
below : — 


1. .1 iKthinil iiift’clio)! (Iisliiict front rohii'!^ ti> tioi/s nnil jnc/.itls . — .A careful exaininatioii 

of the Imiiiis of .some a])j)arently healthy dogs as well as tho.se which had died of infections 
other than rabies did not re\'eal the presence of the parasite, nor \cas it encountered in the 
brains of two jackals which showed !\o evidence of ral)ies infection. 


2. .1 natnrol infertion {n hthonilnni oiiliniils tixnJ. - 

(o) Einrjilioltfozoon ciniieuli. — 'I’lie cystic Ic.sions foniid outside the nerve cell.s in the 
brains of guinea-pigs inocidatcd with the jackal f.l) and dog (I')) strains of viru.s hear a resem- 
blance to those found in 7i. rnnienh infection. The chief reasons against a coincident infection 
with the above parasite are : — 

(/) The cysts were found in the brains of f»nlv four guinea-pigs f)ijt of tlie several 
hundred brains c.viiniined. They were never enconnteied in the biains of dogs 
iuul jackals showing the ])re,scnce of llie ])arasite or in the braitis of guinca-pig.s 
inoeirlafcd with suspensions of their brains. It is, therefore, tiifiieuU to say 
whether the.se cy.sts have any relation to tlie j)ajasite in question. 


(//) E. ciiniriih infection, as far as the author is aware, has not been described in 
guinea-jugs so far. 

(Hi) Althougli rabbits aro\{'iy su.sce{)tib)c to E. nuiiculi infection, the churn ctemtir 
appearances of this disea.se wore never found in the brains of rabbits inoculated 
subdurally. intramuscularly, intravenomsly and intraseiatieally Avith the jackal (J) 
and dog (D) strain of virus pas.snged in guinea-i)igs. 

(ir) The various stages of the parasite rejxu’ted in the jmpor have not been dcseribcrl 
in E. ntniculi infection. 


(r) Tn E. cunict/Ji infection the parasite can be demonstrated in liver, spleen and 
kidney I)ut careful examination has not revealed tlie presence of the parnsitc 
described in any of thc.se organs. 

()'?’) Symptoms associated with /A ennienJi infection (da Fano, 1924) were never obseivcd 
in any of the guinea-jiigs or rabbits inoeidated with suspensions of the hiains 
.showing the parasite. The symptoms oliserved were always those of rallies. 


(b) Toxoplasma. — The following evidence is against the possibility of a coincident infection 
with toxojilasma : — 

(/) In toxoplasma infection of guinea-pigs and rabbits, the parasite lias not been 
described in the brain. 

(/?) The post-mortem appearanco.s in guinea-pigs and I'abbits inoeidated with the 
jiarasitic material did not sliow tlie characteristic lesions described in toxo- 
plasma infection. 

{Hi) Smears and sections of liver, spleen, kidney, lung and bone-marrow of our experi- 
mental animals showed no evidence of jmrasites of the toxoplasma or other 
type. 

3, A latent natural -infection in laboratory ani-mals c.rcitcd by snperinfeclion triih rabies. 
le following observations indicate that tlie possibility of an unknown latent infection in tlie 
experimental animals, Avhicli was activated by rabies infection, is very unlikely : — 

[i) Several guinea-pigs and rabbits caught at random from the runs were killed and 
their brains and other organs examined. The parasite was never found, 
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{ii) f4iiincii-pigs :unl rabliits selexleil from the same runs, wliicli died as a result, 
of subdural infection with Paris .strain of rabies ' fixed ' virus, did not show the 
presence of the parasite. 

{in) The parasite was not encountered in the brains of guinea-pigs inoculated with 
strains of ' street. ' virus whose incubation period was fifteen days or more. 

(iv) The demonstration of forms resembling the parasite in the brains of rabid clogs 
and jackals infected in nature renders the possibility of a latent infection in 
experimental animals unlUvely. 

VI. The RELATIOXSHIP OP THE PROTOZO.AL PARASITE DESCRIBEO TO RABIES. 

The appearances described above have been oiiserved only in association with rabies 
infection. While the evriter is fully aware of the possibility that the protozoal parasite described 
may be a coincident infection in no way connected with rabies infection, he has been unable 
to demonstrate this by any of the experimental procedures employed. On the other hand, such 
evidence as is available suggests that the protozoal parasite clescribed is not unconnected 
with the retiological agent of rabies. 

The observations with the jackal (J) and dog (D) strains of virus indicate that the parasite 
is demonstrable in the brains of animals inoculated with the virus at a certain stage of passage 
either in natirre or in the laboratory, i.e. when the incubation j)eriod of the virus given 
subdurally into guinea-pigs varies from six to eight days. The finding, that the incubation 
period is the same in guinea-pigs inoculated subdurallj' with suspensions of the brains of 
naturally infected dogs and jackals showing the presence of the parasite, supports this view. 
The parasite is seldom found when the incubation period of the virus by repeated passage in 
Euinea-pigs becomes ‘ fixed ’ . 

The occurrence of the parasite in the brains of experimental animals inoculated with the 
jackal (J) or dog (D) strain of virus was independent of the mode of infection. The parasite, 
with the exception of the cj'stic lesions already referred to, was generally found in the 
cytoplasm of nerve cells, particularly those ventral to the central canal of the mid-brain. It 
was not demonstrable in the liver, spleen, kidney, lung, blood or bone-marrow whatever mode 
of infection was adopted. The parasite was found in the mid-brain of ten dogs, nine jackals 
and one calf infected in nature and in the brains of guinea-pigs inoculated with a suspension 
of the brain of each of these animals. The parasite was not encountered in sections and 
smears of other organs and tissues of the dogs, jackals and guinea-pigs. These findings indicate 
that the parasite is specific to the central nervous system. 

The following observations suggest that the parasite is retiologically related to the Negri 
body : (i) Negri bodies were found with the parasite in the same section or in the same cell. 
{ii) Negri bodies were regularly encountered in the brains of animals showing the presence 
of the parasite. {Hi) Vdien the virus, by repeated passage in guinea-pigs, become fixed ' 
and Negri bodies become scanty, the parasite was also difficult to find, {iv) In the brains of 
animals killed at the onset of the disease the parasite was found in large numbers but Ne»ri 
bodies were very scanty. Relatively small numbers of parasites and numerous Negri bodies 
were encountered in the brains of animals allowed to die of the disease. These observations 
suggest that Negi-i bodies may represent a later stage in the developnient of the parasite, 
(e) Negri bodies are eosinophilic while the granules they contain are basophilic. The " spoi e ' 
forms and the chromatin of the other stages of the parasite are basophilic like the chromatin 
of the nerve cell, while the cytoplasm of the parasite is eosinophilic. Thus, the internal granules 
of the !Negri body resemble the chromatin of the parasite in their staining reaction, while 
the rest of the Negri body stains like the cytoplasm of the jjarasite. This observation is 
jiarticularly interesting as in some protozoa, such as the malarial parasite, the chromatin 
IS eosinophilic and the cytoplasm basophilic. (W) Negri bodies, like the jiarasite. Eoneiallv 
do not give the Feuigen reaction for chromatin, {vii) Observations on naturallv infected 
dogs and jackals and on guinea-pigs inoculated with their brains suggest that Negri bodies 
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iiiay rnprospnj. llio Pcliizont form of the p.'ir.'isiir f’MMlifviflir'fl In- an ctivclf.pp. u-Jiifli. poPsiMv. 
may ho formod from llio oyloplasm of llio ooll, 

'Die oxporimonlal ovidom-o willi tin- jackal (,l) and do- (f)) sfrain.s of viriia sliow.s flint 
(lie [larasitc can ho do mens Ira fed in llio l)rains of animaks inooidalod ivilii : (?) .suspensions 
of Ihe brains of puincn-|)ip:.s. rahhils and do-.s which died of llio dk^oaso. (?7) .su.spon.sions of 
the peripheral nerve.s (soialic nerves) f»f .'inim.ils whiidi dio?l of |)io disease, (?"?'?') .suspensions of 
Ihe .salivary elands of animals wlihdi died f>f fho di.soaso. (??•) Herkofeid V and iS' filtrates of 
the brains of animals wliioli died of tlie flisoasi*. Jind (?•) susja'ii.sions of the brains of animals 
inocnlatod intrasoiatioally. Die ('.\porinienls with Ihe oflnw sirains of virus isolated from 
natairally infooted do-s and jacdcals also contirm tlioso fitiflin-s. 'Die parasite can he denion- 
.st rated in the brains of piiinoa-pi-s inoculated with: (?) siisponsions of the brains of dofjs 
and jackals, and (i?) IJorkefeld \ and rs filtrates of tlndr brains. 'Die above resultsarein 
oonformit}' with the aocojitcd finditif's in rabies. 

'J’hc main ar-umonfs against the theory that fho lof if)lo-io?d .aoent in rabies is a protozoon 
are : (?) the developmental oyoles described by vjirious worki'rs are based on verv inadeciuato 
<jrounds. and (?7) so far a.s is known, no protozoa exist which have, as jKirl of their lifc-oyele. 
invisible filtrable elcment.s. 

'Die observations recorded in this paper show that if is ])ossible to demonslrale. in the 
brains of animals infected with natur?il or o.vporimontal rabies. ji jmnisite whose nior(ihological 
a])pearances and nieth?)d of mull iplieat ion Jijipoiir to be those of a ])rotozo(»n. 

Jt is well known that rabies virus can ])ass through only tlie eoar.ser bacterial flltor.s. 
Glusinann cf al. (1030) .studied (he degree of filtrabiiifv of rallies virus exlianstivoly and came 
to the conclusion that it Avas not a true filler-])asser jind that in certain stagc.s it was a visible 
microbe. The ‘ .spore ' forms dc.serilied in the (laper arc much smaller than II. ?7?//??c??r«’ Avhich 
can pass through BerkcfeM V candle at high presmiro (Dihle, I9:i2). Some of these fonu.s 
are just visible under high inagnilicalion and it i.s po.s.siblc that invisible forms also exist. 
Therefore, it should be possible for tho.se forms to pa.ss through the coarser candles such ns 
Berkefeld V and N, The ob.scrvation that the ‘ .spore ’ forms can be demon.strnted with the 
other stages of the parasite in the brains of animals inoculated with Berkefeld V and N filtrates 
.sugge.st that the ‘ spores ’ may represent the filtrable phase of the jiarasite. The demon- 
stration of the ‘ spores ’ and the other stages of the parasite in a .single cell lends support 
to this view. 

Levaditi, Nicolau and >Schoen (1924, ]92'fu, 19246. 192-lc) put forAvard the theory that 
rabies virus was a microsporidium which had a definite life-cycle with two phases. The 
first one Avas a filtrable phase in wdiich the agent resembled spores. The spores passed 
alon" the nerAms from the site of the AAmund and reached the central neiwous system. Tliere 
they underAAmiit intracellular proliferation to form pansporoblasts or Negri bodies. The 
pansporoblasts Avhich represented the visible phase of the organism contained ‘ plages ' 
each of AAdiich AA'as an aggregation of microsporidium spores. Bound them the neurone 
secreted a hyaline substance Avhich formed a capsule, isolating the colony from the rest of the 
cell. The development of the pansporoblast depended on the Aorus and the liost. If the virus 
was very virulent it might destroy the nerve cell before the pansporoblast could form. The 
absence of Negri bodies in ‘ fixed ’ Aurus infections might be explained by ihe fact that the 
rate of multiplication of the ultra-microscopic forms is so rapid that the animal dies before 
the cystic forms are produced. According to the same authors only one phase of the Negri 
body (pansporoblast) is visible, the spore phase of the organism being invisible and filtrable. 
There is little or no evidence in support of this plausible theory. 

The evidence presented in this paper suggests that the protozoan parasite described 
might be the setiologioal agent in rabies, the ‘ spore ’ forms representing the filtrable phase. 
There seem to be two methods of multiplication of the parasite. Firstly, the ‘ spores ’ may 
undergo intracellular proliferation by repeated division, this possibly being the chief method 
of multiplication in ‘ fixed ’ virus infections. The difiiiculty of demonstrating Negri bodies 
nd the other stages of^the parasite in infections with the Paris strain of rabies Adrus could 
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be explained by assuming that only the invisible ‘ spores ’ capable of passing through candles 
like Berkefeld N (which prevent the passage of all bacteria) are present. Secondly, the 
‘ spores ’ may develop into schizonts. From these, forms resembling merozoites are formed 
and these are set free as a result of the disintegration of the nerve cell. These forms may 
invade new cells. The Negri body itself may be a mature form of the parasite round which 
an envelope has been formed from the cytoplasm of the cell. 


Summary. 

1. A parasite, apparently protozoal in character, originally found in the mid-brains 
of guinea-pigs experimentally infected with rabies ‘ street ’ virus has been studied and a fnll 
description of its morphology has been given. 

2. An account has been given of the occurrence and behaviour of this protozoal parasite 
in other animals. 

3. Appearances, similar to the various stages in the Hfe-cycle of the parasite described, 
have been observed in the mid-brain of dogs and jackals suffering from natural rabies infec- 
tions, and in the brains of experimental animals infected from them. 

4. Certain stages in the life-cycle of the protozoal parasite described appear to be 
‘ filtrable ’ ; it has been possible to produce evidence of infection in experimental animals 
bv the inoculation of brain suspensions passed through Berkefeld Y and N candles. 

5. The protozoal parasite described appears to be a specific infection of the central 
nervous system, and, in spite of exhaustive searches, it has never been observed in other 
organs and tissues. 

6. This parasite has never been observed except in association mth natural or experi- 
mental rabies infection. 

7. The possibihty of the protozoal parasite described being connected with the setiology 
of rabies has been discnssed. 

8. The possible relationship of this parasite to Negri bodies has also been discussed 
and the suggestion has been put forward that Negri bodies . may represent a stage 
in the life-cycle of the parasite. 
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tion interesting observations were made after the paper was aecepted for publica- 

”5^5 10 years, was bitten on the face by a rabid dog on 4th September, 1944. The 
nr- cantenzed witlun two hours after the bite and antirabic treatment was .started immediatelv. The 

™ -"‘1* September, 1944, and died two days later. This' patient 
at Kotagin. Ailgirj.e Eistrict, S. India, where some of the strains of rabies virus reported in the paper 
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lind oris:iiuit<'(l. Siiliva from llii'! ji.iliotit ruis inoriiliitod into ll)f' nr'i’l: inu-icI>M of i;uiiH'n-})iL’‘i. Onr of them 
sliowd simi.M of rnJiio.s on tlif TiDml dny and dioil llic next day. Ni'srri bodirit nml ttio parnMite woro found in 
tho brain. 

U. TIr’ diflbn'nf .'.t4ii!o‘'- of tlio par.iMitc dcticrilM.d Imvo .linoo Ix'on oncoiifit/Trd for llic (ir,.<t finn; in tho mid- 
brain of a oat uatiirally iid’ootod witli raliica. 'I'ho brain of a uiiitica-pi ; inocidatod -ndaltirnlly with a suspension 
of the lirnin of lids oat aKo showed the ii.ira>*ite. 

y. \'t:t:u.\u\i:iiAYA\. 

2 t Hi Sore inhT, I 0 14 . 
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ISOLATION OF A STRAIN OF RICKETTSIA ORIENT ATAS FROM 
CASES OF XK TYPHUS IN CEYLON. 

BV 

jMajoe R. B. LUCAS, r.a.m.c.. 

[Received for publication, July 16, 1944.] 

It has been known for some years that diseases of the typhus group occur in Ceylon. 
As strains of R. orientnlis have not previously been isolated and maintained in passage in 
laboratory animals, it is thought that the present account of the isolation of such a strain 
may be of some interest. 

The first recorded instance of fevers of the typhus group in Ceylon is a description of two 
cases by Fernando (1938). These cases were of the X19 tvpe and were apparently of murine 
origin. lYoIff (1939) isolated a rickettsial strain from rat-fleas obtained from the house of 
one of these patients. Cases of the XK type were first described by IVijerama (1938). Blood 
from one case, when inoculated into a guinea-pig, gave rise to slight scrotal swelling and 
‘ Rickettsia bodies were isolated from the peritoneal fluid ’. Blood from the other case des- 
cribed was injected into the anterior chamber of a rabbit’s eye and rickettsia bodies were 
demonstrated in scrapings of Descemet’s membrane. The clinical findings in a further case 
of XK typhus are described by Xicholls (1940). 

Despite the paucity of recorded cases in Ceylon, it is highly probable that numbers of 
cases of both these types of typhus occm, but are not diagnosed correctly. The majority 
of cases of ‘ fever ’ occurring out of Colombo are treated in rural hospitals or by private 
practitioners, and in such circumstances the application of laboratory procedures is not always 
possible. Since the arrival of mili tary forces in number in Ceylon, sporadic cases of XK 
typhus have been observed from time to time among the troops, but the number was small 
till the beginning of this year when a considerable number of cases was admitted to the 
military hospitals. From these cases a strain of R. orientaUs was isolated. 

Animal experiments. 

The laboratory animals available at the time of occurrence of the cases were guinea-pigs 
and rabbits. MTiite rats and wliite mice were not available till later, the mice not being 
obtained in time to inoculate them with blood from patients. 

1. Guinea-pigs . — The results of infection of guinea-pigs with R. orientaUs varies according 
to the virulence for these animals of the strain employed. In most cases the A'irulence 
is low. 

In ^Malaya. Lewthwaite and Savoor (1936) injected a large number of guinea-pigs with 
blood from patients. Only after many such experiments were they able to isolate a strain 
w'hich could be transmitted indefinitely in these animals. This strain then produced fatal 
results in 90 per cent of infected animals. Piemous workers, they note, were unable to isolate 
strains, though febrile reactions were produced in guinea-pigs in some instances. Covell (1936) 
experienced similar difficulties in India, and was unable to isolate the virus from cases of XK 
typhus though some of his guinea-pigs reacted Avith fever. On the other hand. Kouwenaar 
and Wolff (1934) had found that the virus of Simiatran nute fever (the XK typhus of 
Sumatra) produced a severe illness in guinea-pigs ^th a mortality rate of 63 per cent. They 
note, liowever, that in Japan the virus produces only a mild reaction in these animals. 

In the present experiments three series of guinea-pigs were used. In the first series 
10 guinea-pigs were inoculated with blood taken from 12 cases of XK typhus, the day of 
disease varying between the 7th and the 14th. The blood was allowed to clot, the serum 
remmed. andthe clot then^oimd up in normal saline. The inoculunFwas 5 c.c. intraperito- 
neallv. In two cases the inoculum consisted of pooled clot from two patients. The animals' 
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The secoml nninwl .™s l;i|le,l 21 ,l„ys leler'aml ,no v!^Z.7'! 7 t7!t7T''°l' 

ucreninclc, !\o febnle rencdoiiK were nofof] in nnv of l/ifw nninnltj /] orr mtcnals 

lities fonncl post n.orfc.n mnl no rickot l.sLVen- fl'/rin " 

nnfl tnnica vaginajia. Jn those munuiis uI.iVJi were nof Mllod f . 

innintaincfl for .30 chys after inoruhtioo. ’ ' ton.pcratnrc record w... 

oncoJ" p"" inocnlutcl with pooled clot from two m dav 

.„Z'' n" "'.''"'“'f in.., Ill, He, I ivill, ,„„teri„l „l,|,,i„c,I „„to,,..y of fatal 

... nc Rt,mc,i-]iig .viis iinieuhileil will, hii.sp,.|i.«i,)ii of Im.ni but. die, I ll,c follomm, lUy 

717 ' “"r- , ' S-'i- l'in.' were i,!,„.„l.„e,l ,vill, ,s„.,,,ensi„ a „ v rf 1)™* 

taken from n .-..ae f,u„I „„ ,l.o ,8,|. „( ,,ia,.„.ae. Tl.eae o„i„.„l., rvore kii "rfo d t 

a.pi atccl t\Mcc. onl^ Idond nnd ‘^pienir tjs<ine being obtained jtf the first aspiration This 

intor”nf " V and two snbsorjuent passages made at ’l9-dnv 

intervals, reactions were noted in anr of the aninml.s of tin’s .seric.J 

Jnaterial into the anterior chandler of the rabbits 

ceils of the endoM T’’'' n'’"‘ '' can be demonstrated in the 

^nvoor ronort^pn f‘^»»^>'-ano (Kagayo r/ ah, ]f):J0). Lcivthwaitc and 

frmnvmLr f i'” ^^Tcc generations. Wolff and 

! M ‘^umntnm cases, reported mncli less constantlv positive 

esiilts than were obtained by the .Tapane.se workor.s and obtained only one positive 
reaction when using patients blood. ' ^ 

h\ the work now described, four rabbits were inoculated in the .'interior chamber wjth.i 
suspension of ground-up blood clot in .saline from four mh day cases. One rahhit was 
inoculated with spleen .suspension and one witli brain suspension from a patient who had 
died on the IBtli day I<our animals were inoculated with suspensions of lymph glands 

removed at biopsy from ca.scs on the 2'lih day. No reactions were obtained in any of 
the.se animals. 


.3. TfVnVc nds.—Lcwfliwaitc and Savoor {lor. cit.) showed that white rats could readily 
he infected witJi the virus tjiey had already Isolated, and that infection could he transmitted 
m senes m tlicsc animals indefinitely. Infected r.'its showed little or no fever and there was 
no scrotal reaction, Ttickcttsi.'p could be demonstrated, though in very small numbers, in 
smears from the tunica vagin.'ilis. Webster (]9i0), however, states that numerous riclcettsiie 
may be found in scrapiug-s from the tuuic.a vaginalis of infected white rats. 

In this work, three white rats were inoculated intraperitoneally ndth 4 c.c. crushed blood 
clot in saline from three c.ases on the 14th day of the disease. The first rat died within two 
hoars of inoculation, the second died on the I'oth day and the third was killed on the 21st day 
after inoculation. The second rat showed enlargement of the spleen at post-mortem examina- 
tion, but no abnormalities were found in the third. Rickettsia) were detected in neither rat. 
Passages were made from these animals, and in addition, material from the second guinea- 
pig series was also incorporated. The position is shown in the following table. Such a 
pooling of material was dictated by the necessity, at this stage, for strict economy in 
guinea-pigs. 

White rats. 


W. R. 2 — ^(W. R. 4) >^(3 guinea-pig passages) 

W. R. 3 ^(4 guinea-pig passages) 

Second guinea-pig series. 

(4 guinea-pig passages) ! 



Guinea-pig 

5 > 


A. 

B. 
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All the guinea-ihg passages shown in the table were made at 12- to 14-day intervale. 
None of the animals developed pyrexia or showed any other signs of infection. The last two 
guinea-pigs in the series, A and B, were killed 14 days after inoculation, the brains and spleens 
pooled, and 1 c.c. of suspension injected intraperitoneally into each of two white mice. The 
results of this will be discussed later. 

4. White mice . — ^Dinger (1933) showed that white mice are very susceptible to infection 
with R. orientalis, and that practically all mice so infected die. The white mouse is thus the 
animal of choice for the isolation of strains of R. orientalis from cases of the disease or from 
other infected material. In the isolation of the virus from human cases Ob to 1 c.c. of crushed 
blood clot in saline, defibrinated blood or citrated blood from which the plasma has been 
removed is injected intraperitoneally. In passage experiments the usual suspensions of 
internal organs are used as the inoculum. 

Pooled brain and spleen from guinea-pigs A and B were injected into two white mice. 
One of these died 17 days later and the other on the 18th day after inoculation. Autopsy 
showed in each case considerable enlargement of the spleen and an abundant, rather viscous 
peritoneal exudate. Smears from the peritoneum showed numerous R. orientalis within 
the cytoplasm of the endothelial cells. The strain has since been maintained in mice, death 
of the infected animal occurring in a period which has varied from 10 to 20 days, the average 
period being 15 days. A practical point in this respect is worth noting. On two occasions 
passage material was derived from mice which had died overnight and in which decomposition 
was just noticeable. The mice inoculated with material from these animals did not become 
infected with the rickettsial strain. 

Experiments with the deyeloping chick embryo. 

Since rickettsiae of certain other diseases of the typhus group have been shown to grow 
well in the yolk sac of the developing chick embryo, an attempt was made to obtain a growth 
of R. orientalis in a similar manner. 

Ten fertile hen’s eggs, incubated for 6 days at 39°C., were inoculated according to Cox’s 
(1941) technique witlr Ob c.c. blood clot in saline from 7th to 12th day cases. The eggs were 
then incubated at 37°C. Only three embryos died within 6 days of inoculation and in these 
cases bacterial infection was responsible. The remaining embryos continued to develop 
for some days, but eventually all died between the 9th and 14th days. They were found to 
be bacteriologically sterile and rickettsise could not be demonstrated. 

Gispen (1941) states that the virus of scrub typhus and Sumatran mite "fever fail to grow 
on the chick-egg membrane, but grow well on the chorio-allantois of duck eggs. Possibly a 
similar state of afiairs exists in regard to the yolk sac. It is also possible that the virus concen- 
tration in the blood of cases of the disease is insufficient to infect the yolk sac, whereas high 
concentrations such as are found in the tissues of passage animals inight produce a successful 
result. 

Discussion. 

The strain, finally isolated in white mice, was transmitted through either the rat series, 
the guinea-pig series, or through both. In any event the infection passed tlrrough at least 
four generations of guinea-pigs, these animals ha^^ng shown no signs of infection whatever. 

When guinea-pigs have failed to react with pyrexia after inoculation with infected 
material, it has usually been considered that such animals were of no further value in the 
isolation of the strain. Similarly, when passage animals have failed to show a pyrexial 
reaction after the initial animals in the passages had so responded, the experiments have 
usually been concluded. 

The experiments just described indicate that though guinea-pigs may not react obviously 
to inoculation, yet the mrus can ultimately be recovered after causing a transmissible 
inapparent infection, which has been shown to be capable of passing through at least four 
generations of guinea-pigs. Thus, where circumstances determine that guinea-pigs alone be 
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used in attcinjds (o isolalo strums of li. oyii'itfaiift. pussafies sliould 1)c maintained even tlioiu'li 
ilic animals show no ohvious signs of infeetion. 

In view of the sueeess ohtained with rnhhiis hy immhers of workers, failure to infect 
these animals in the work just deserihed ref|nires an explanation. The cause may lie in the 
fact that t,hc earliest ease in which rabbits were »ised was a )>ntient in the 12th day of the 
disease. 

1. The isolation of a strain of 7i\ orirnlalis is described. 

2. The white mouse is considered to be the experimental animal of choice for this type 
of work'. 

;5. Guinea-pigs, in t he majority of case.s. contract an inap})arent ijifection when inoculated 
with li. orioitdh'y. This state of ina]>parent infection lias been transmitted thrmigh four 
generations of the animals. 

■I. .\ttem]Us to infect the yolk sac of the develo]>ing chick embryo failed. 


(’K NO wf j: nt; knts. 

The author is indebted to Brigadier W. Boss Stewart, i).i),M..s., Ceylon Army Command, 
for permission to publisli this paper, and to Colonel .7. Ij. bovibond. Oflicer Commanding 
the military hospital in wliieli the work was carried out. 
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BY 
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AND 
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(From the Central Research Institute. Kasaidi.) 

[Received for publication, August 16, 1944.] 

Venoms of different species of snakes vary considerably in tbeir toxicity, composition 
and antigenic structure. Tbe toxic elements of some venoms are tbermostable and are 
contained cbieflv in tlie non-coagulable proteids (albumoses), e.g. venom of Raia tripudians ; 
in others they are thermolabile and reside mainly in tbe coagulable proteids, e.g. venom of 
Daboia russeUi. Some are rich in neurotoxins, others contain mainly cardio- vascular 
toxins. 

Due to this complexity of the antigenic structure of venoms and the difficulty of obtaining 
standard preparations — venoms or antivenom sera — it has not been possible to lay dorvn an 
international standard for the assay of potency of antivenom sera. Various institutes 
concerned in the preparation of antivenene adopt methods of assay which are considered to 
be most convenient, and suitable for their particular products. 

At the Central Research Institute, KasauU, where a bivalent antivenom serum is prepared 
against cobra and daboia venoms, the routine assays are carried out by a biological method 
using pigeons of 290 to 320 grammes weight. Ror the estimation of the potency of cobra 
antivenom serum an arbitrary ‘ saving value ’ of not less than 0‘6 mg. per c.c. of unconcen- 
trated immune serum has been the standard adopted. This is calculated by deducting the 
minimum lethal dose of cobra venom for a pigeon, from the maximum amount of venom 
that a pigeon can withstand, when the mixture of venom plus 1 c.c. of antiserum is injected 
intramuscularly into the pectoral muscles of the bird. For example, if the m.l.d. of venom 
is 0'3 mg. and the pigeon receiving 0'8 mg. plus 1 c.c. of antiserum survives, the sardng value 
of 1 c.c. of serum is taken as 0’5 mg. of cobra venom. This in vivo test is not entirely satisfac- 
tory. Long experience has shown that the susceptibility of individual pigeons to cobra 
venom varies considerably. For example, the same sample of venom may kill some pigeons 
of standard weight in a dose of 0'3 mg., others in a dose of O’i mg., while in some cases pigeons 
receiving 0-4 mg. may survive and those receiving 0‘3 mg, die. Similar results are at times 
obtained when venom plus antiserum is injected for routine testing, pigeons receiving 0-9 mg. 
of cobra venom plus 1 c.c. of antiserum may live, while pigeons receiving 0‘8 mg. plus 1 c.c. 
of antiserum may die, the serum and the venom in both cases being the same. In order to 
obtain accurate readings it would, therefore, be necessary to employ a large number of birds 
for each individual test. This is not always practicable because of the difficulty of obtaining 
a sufficient number of pigeons of standard weight. 

It is obvious, therefore, that a very real need exists for a more rehable method for the 
routine assay of antivenom sera. 

In testing the haemolytic effects of cobra and daboia venoms in presence of normal horse 
serum and sera of horses immumzed against cobra and daboia venoms, it was observed that 
the washed blood cells of certain species of animals, normally hsemolysed by those venoms, 
were not hfemolysed in the presence of immune sera. This observation suggested the 
possibility of iitilizing the inhibitory effect of antivenom serum on haemolysis as a measure 
of its potency in neutralizing the effect of the corresponding venoms. A similar test was used 
by Lamb (1904) to test the specificity of cobra antiserum against the hfemolj-tic action of 
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tlic venoms of oilier snnkes, jind n modific.'ition of lii.s- foelimquo was omploved in Ihc tost to 
I'c described. 

]’re]imiimrv o.vperimcnt.s were carried out to determine tlie laemolytie activity of colira 
venom for "uinea-/)ifi eelK details of wliieh are ydven in Table J, Six difTerenfc batelie.s of 
cobra venom were tested. ICaeli of these batelies wa.s composed of a mixture of the venom 
extracted from several eobra.s and may therebire be regarded as averaf'c samjilcs. The rc.sult.s 
recorded in Table I show that very minute dose.s of cobra venom are capable of hamiolysiii" 
guinea-})!^ cells : — 

TAimi: 1. 


Ilrraioli/tic effect 

of cobra 

rcnotn oil 

<iuiuca-])i(j 

CeUfi. 



Cobrn venom (mi;.) 

(Cl 

(COS 

o-or, 

0-01 

(>•02 

0-01 

o-oo.^ 

Nornml Fnlitie ^ollltioll (e.e.) 

1 

I 

1 

1 

1 

1 

1 

3 per cent Rn«iH'nxion pnincn-jiit; eelN (c.e.) 

1 

1 

1 

1 

I 

I 

1 

Bnfch A . . 

» f 

*?■ ‘i- 

.J. J. 

-T- -r 

— 

— 

— 

B .. 


.1. 4. 

-U -i- 

-h-!- 

— 

— 

— 

.. 0 .. 


■i* *1' 

1 t 

T' -r- 

+ + 

d--l- 

— 

— 

.. 1) .. 

-i- 

4. 

4-4. 


— 

— 

— 

K .. 

• • 

q.4. 

-hd- 


— 

— 

— 

,, 1' • . 



-I’-f 

-f + 

-h • 

— 



-{--i- — complete lia'inolytii*. : -f- — pnrtinl htemolyHi's ; — ■= no lucmolysis. 


In the iv mlro test to be described gninca-pig cells were nsed ns tlie indicator of hreniolysis. 
The technique of the test is as follows • 

To a series of tidres (convenient size 2l'’x\'') cobra venom and the serum under test 
arc added iu varying projiortioiis as shown in Table II. TJie mixture is shaken and incubated 
at 37°C. for 1 hour, at the cud of whicli period I c.c. of 3 per cent suspension of washed 
guinea-pig erythrocytes is added to each tube. Tiie mixture is sliaken to ensure that the 
fluids in the tubes are thoroughly mixed and, after standing for 18 liours at room temperature, 
the readings are recorded. 

Table II. 

Standard protocol for Incmohjtic test. 




Tube 1. 

Tube 2. 

Tube 3. 

Tube 4. 

Tube 6. 

Tube 6. 

Tube 7. 

Tube 8. 

Cobra venom 1 mg. ^ 
per o.c. in normal 
saline, J 

C.C. 

0-1 

0-2 

0-3 

0-4 

0-5 

0-0 

0-75 

1 

Normal saline solii- 1 
tion. 1 

t 

> c.c. 

1 

0-9 

0-8 

0-7 

0-C 

0-5 

0-4 

0-25 

•• 

Seram under test 

c.c. 

1 

1 

1 

1 

1 

1 

1 

1 

, 


Shake and incubate for 1 

hour at 37°C. 




.3 per cent guinea* 1 
pig cells in normal 
saline. J 

1 

j-c.c. 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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filglit normal liorses n’ere given a series ol gradually increasing doses oi cobra venom 
and their sera vere tested at weekly intervals for presence of anti-hsemolytic activity as 
estimated- by the in vitro test. Six to eight weeks after the commencement of immunization 
all the horses showed a measurable response. 1 c.c. of serum inhibiting the hemolytic effect 
of O'l mg. to 0-2 mg. of cobra venom. With the increase in immunizing dose of cobra venom 
there was a further rise in the anti-hremolytic titre, sera of some horses neutralizing as much 
as 0'5 mg. of cobra venom at the end of 3 months. 

Forty-four samples of sera from 19 horses at various stages of immimization against 
cobra venom were tested in parallel by the in vitro test here described and by the in vivo 
test in routine use at Kasauli. The sample of venom used in the in vitro test had a minimum 
haemolytic dose of 0-03 mg. for 1 c.c. of 3 per cent guinea-pig cells, and that used for the 
in vivo test had a minimum lethal dose of from 0‘3 mg. to 0'4 mg. for pigeons of standard 
weight. The anti-hsemolytic potencj’^ of the various sera tested varied and according to the 
results obtained they have been arranged in three different categories in Table III (groups A, 
B and C). In group A hsemolysis — partial or complete — occurs with OA mg. or less of venom. 
In group C partial or no hsemolysis occurs with 0 6 mg. of venom, and in the intermediate 
group B partial or complete hsemolysis occurs with 0'.5 mg. 


Table III. 

Comparative results of in vitro and in vivo tests. 


jTxV vitro test. /.V VIVO TEST. 


Date of 
test. 

Horse 

number. 

COBRi. VeXOM (mo.). 



Cobra vexom (mg.). 


n-1 0-2 

0'3 0-4 0-5 0-6 

0-76 

1 

0-7 0-S 0‘9 
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■f-r- = complete hiemolysis. L = lived, 

-r = partial hamolysia. D — died." 

— = no hfemolyEis. * 
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'I'aum: TIT — covrhl 


» ly riTiio TKST. jy vivo test. 
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IDiscussion. 

I'he results sliow that there is a fairly well-marked correlation between the hi vitro and 
iv vivo tests. In the case of sera where haemolysis is prevented up to a maximum of 0-3 mg. 
of cobra venom, as in group A (Table III), the serum fails to pass the in vivo test. Where 
0‘i mg. to 0’5 mg. of cobra venom are neutralized per 1 c.c. of serum, as in group B, the serum 
may or may not pass the m vivo test, and when over 0‘5 mg, of cobra venom is neutralized 
per c.c. of serum, as in group C, the serum passes the in vivo' test. On the basis of these 
findings it can be stated that, as a rule, if the anti-haemolytic titre of a serum is less than OA 
ing. per c.c., it is not up to standard titre ; if it is over 0’5 mg. per c.c. it is up to titre ; and if 
it is between 0’4 mg. and 0-5 mg. per c.c. it is on the border line and may or ma)^ not be up 
to titre. It should, however, be noted that, while there appears to be a close parallelism 
between the two tests, occasional anomalous results are obtained, e.g. sera of horses Nos. 5 
and 26, included in group A (Table III), pass the in vivo test but fail to pass the in vitro test. 

It is known, as has been pointed out above, that the in vivo test is liable to a considerable 
margin of error on account of the variable susceptibility of individual pigeons. The method 
of estimating the reliability of the in vitro test described above was a comparison with the 
in vivo test in routine use. Although the result of the two tests carried out in parallel 
corresponded closely, such discrepancies as occurred may have been due to the known vari- 
ability of the in vivo test. It is, indeed, possible that the in vitro test may be more constant 
and reliable than the in vivo test, but this question will require fmther work. For routine 
titrations of sera of horses under immunization against cobra venom the in vitro test has now 
been adopted. The final assay of potency of antivenene before issue for therapeutic use is, 
however, still carried out by the in vivo test. Further work may show the in vitro test to 
be equally or even more satisfactory for this purpose. The saving in pigeons effected bv 
the use of the in vitro test for routine intermediate titrations makes it possible to employ a 
larger number of pigeons for final titration. 

Experiments on similar lines are in progress for the assay of potency of daboia antivenom 
])y in vitro methods. 

Conclusions. 

An in vitro test is described for the estimation of the anti-haemolytic titre of cobra anti- 
venene. The anti-haemolytic potency of the immune serum corresponds closely with its 
anti-neurotoxic titre as determined by the in vivo test on pigeons. 
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STUDIES ON EXPERIMENTAL FLUORINE POISONING IN RATS. 

BY 

S. EANGANATHAX. 

{From the Nutrition Research Laboratories, I. R. F. A., Coonoor. S. India.) 

[Keceived for publication, August 15, 1944,] 

Ix a previous couiniuuication (Ranganatliau, 1941), it was recorded that calcium, 
administered eitlier as a salt or as present in combination in natural foodstuffs, exerted a 
mitigating influence on fluorine poisoning in rats, and that, at the levels of dosage used, the 
toxic *^effect of fluorine was inversely proportional to calcium intake. In the present paper 
some further experiments on the effect of calcium salts on fluorine poisoning are described, 
together with other experiments which have a bearing on the problem of fluorosis. 

Experimextal. 

The influence of different calcium salts. — It was previously shown that the administration 
of calcium lactate prolonged the survival period of rats given a lethal dose of fluorine. The ' 
action of a few other salts of calcium has now been investigated. Young rats of about 50 g. 
in weight were put on diets containing excess of fluorine to which various calcium salts were 
added, the doses of the latter being calculated on the basis of a similar intake of calcium. The 
criterion of the protection conferred by the salt was the survival period of the animals, and, 
to a lesser extent, their growth response. 

Seven groups of rats, each including 8 animals, were fed on the following diets : — 

Group I. — A basal diet (starch 60 parts, casein 20, gingelly oil 8. cod-liver oil 2 

and dried yeast 5) plus 0‘05 per cent sodium fluoride plus 5 per cent 
of a salt mixture containing iron citrate 3-54 parts, potassium phos- 
phate 28-62. sodium phosphate 10-41. magnesium sulphate 7-98. 
sodium chloride 5-19 and potassium iodide 0-5. This salt mixture was 
calcium-free. The calcium content of this diet was 0-05 per cent. 

Group II. — Basal diet plus 0-05 per cent sodium fluoride plus 5 per cent of a salt 
mixture containing calcium lactate 50-4 parts and other salts in the 
same proportions as in group I. 

Group III. — Basal diet "plus 0-05 per cent sodium fluoride 5 per cent of a salt 
• mixture containing 97-0 parts of calcium gluconate and other salts 
in the same proportions as in group I. 

Group TV. — Basal diet idus 0-05 per cent sodium fluoride plus 5 per cent of a salt 
mixtme containing 23-9 parts of calcium phosphate and other salts 
in the same proportions as in group I. 

Group Y. — Basal diet plus 0-05 per cent sodium fluoride plus 5 per cent of a salt 
mixture containing 17-1 parts of calcium oxide and other salts in the 
same proportions as in group I. 

Group YI. — ^Basal diet plus 0-05 per cent sodium fluoride plus 5 per cent of a salt 
mixture containing 23-1 parts of calcium carbonate and other salts 
in the same proportions as in group I. 

Group VTI. — Basal diet plus 0-05 per cent sodium fluoride plus 5 per cent of a salt 
mixture containing 25-7 parts of calcium chloride and other salts in 
the same proportions as in group I. 

The calcium content of the diets of groups II to YII was the same, beiue 0-47 per cent. 

The experiments were continued for 82 days, when the sur-viving animals were killed The 
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It will 1)0 seen from Table I that the various caleium sjilts. when given in quantities 
calculated to inainlaiji a constant level of calcium in the diets containing letltal doses of fluorine, 
have roughly the same potency in mitigating the toxic ctTects of fluorine. 

The effect of salts other than those, of calrlaiii. — The efTecf of magnesium, barium anfl 
aluminium .salts, salts of elements which fonn insoluble fluorides, was then tried. iS'either 
aluminium nor barium salts afforded any protection ; all the experimental animals died wthin 
7 days, rouglily within the same period in which the negative controls died. These salts were 
probably them.sclvcs toxic. The magnesium .salt, however, afforded some protection : the 
experimental animals receiving a supplement of magnesium carbonate survived on an average 
for 31 days ns against an average survival of 'i.'l days in the case of animals receiving a supple- 
ment of calcium lactate : this experiment was continued for (»2 days wlien the surviving 
animals were killed, none in the magnesium group and 1 in the calcium group. 

Jldativc Inj'icities of the Jltiorides of sodiuiti. enlcium and iiHHjnesiyni. — The following 
experiments were conducted to find out the relative toxicities of the three fluorides, the 
fluorides of .sodium, calcium and magnc.sium. and also to ascertain if their relative toxicities 
could be correlated with their .solubility in water. Young, growing albino rats of about 50 g^ 
body-weight were used in groups of G animals each. FiAm groups Avere used and the experi- 
ments Avere continued for 100 days Avhen the surAUving animals Averc killed. The diet of the 
Amrious groups and the surA'iAml period of the animals are giAmn in Table 11 : — 

Table II. 

Rehtivc toxicities of NaF. CaFn and MgF^- 


.Xi/.wiiBR or asjmals svBViyr.o Average 
... , after .survival 

Group. Diet. ^ period. 

io .oO IflO days. dnys. 


I 

. . Basal diet plus calcium-free salt mi.vture plus 0'05 per 
cent sodium fluoride. 

0 

0 

0 

7 

II 

. . Same as group I but 'U’ith calcium fluoride containing 
the same amount of fluorine as in group I. 

f) 

4 

4 

74 
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Table II — concld. 


Group. 

Nvmbeu 

Diet, 

10 

or 

after 

60 

SEB-VIVED 

100 days. 

Average 

survival 

period, 

days. 

Ill 

Same an group I but with cajeium fluoride containin" 2 

4 tiroes the amount of fluorine as in group I. 

2 

2 

37 

IV 

Same as group I but with magnesium fluoride contain- 0 

ing the «ame amount of fluorine as in group T. 

0 

0 

5 

V 

Same as group I but with magnesium fluoride contain- 0 

ing 4 times tlm amount of fluorine ns in group I. 

0 

0 

.6 


It is to be seen from Table II that magnesium fluoride appeared to be tbe most toxic 
followed in descending order by sodium fluoride and calcium fluoride. Of the three fluorides 
investigated, sodium fluoride is soluble, while the fluorides of calcium and magnesium are 
insoluble in water. Yet magnesium fluoride, an insoluble fluoride, was the most toxic. It 
is, therefore, obvious that the relative toxicity of fluorine compounds cannot be accounted 
for bv their solubility in water. 

Yurther experiments were carried out to ascertain whether the addition of a calcium or 
a magnesium salt to animals receiving calcium fluoride or magnesium fluoride along with a 
basal diet and calcium-free salt mixture had any beneficial efiect in lessening the severity of 
fluorine poisoning. It was found that the addition of calcium lactate to animals receivmg 
either calcium fluoride or magnesium fluoride helped in nntigating the toxic effect of fluorine, 
while the addition of a magnesium salt to animals receiving magnesium fluoride was not so 
helpful. These results again bring out the beneficial role of calcium in fluorine poisoning. 

VUamin C and fluorine poisoning. — ^Pandit, Raghavachari, Subba Rao and Krishna- 
inurthy (1940) claimed that deficiency of vitamin C is a contributory factor in the production 
of chronic fluorine intoxication in man. They based this conclusion on the computation of 
the vitamin C intake of human beings in an area in which fluorosis is endemic, calculated 
intake being compared with a very high standard of normal requirements (170 mg. daily 
for an adult). Pandit and Karayana Rao (1940) further recorded that a high intake of 
vitamin C. given in the form of fresh vegetables, mitigated the effects of fluorine poisoning 
’ in monkeys. 

Experiments were carried out here in which additional vitamin C was given to rats receiv- 
ing a toxic dose of fluorine. The rat is a species not normally requiring a supply of vita- 
min C through the diet. The addition to the basal diet containing sodium fluoride and the 
calcium-free salt mixture of large amounts of vitamin C (10 mg. per rat daily) had no effect 
on the survival rate, the animals dying as rapidly as negative controls not receiving a supple- 
ment of vitamin C. In the same series of experiments, the protective effect of a calcium salt 
was again observed. It should be mentioned that in the experiments of Pandit and Karayana 
Rao, the criterion of fluorine poisoning was radiological changes in the bones, while in the 
rat experiments here the criterion was the surrdval rate of the animals. 

ViUnnin D and fluorine poisoning. — Fluorine is stated by Morgareidge and Finn (1940) 
to hinder the process of healing in rachitic rats treated with cod-liver oil and with pure vita- 
min D. According to these authors, when a small dose of vitamin D and graded doses of 
fluorine were simultaneously given to groups of rats previously rendered rachitic, the healing 
process was hindered by fluorine, the effect being greater with increased dosage. Experiments 
conducted to verify the above observations clearly demonstrated the inhibitory effect of 
fluorine in the cure of rachitic conditions in rats bv ritamin D. Animals receinu" fhiorine 
and adequate amounts of calcium in the diet, rvith or' without mtamin D. had extensive 
haemorrhages in the calcifying areas of the bones, and hypertrophv of the epiphyseal ends 
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Calcificalioii wjik unifonnly poor, iiidiciiliiiu that vilumiii 1) had no iiciicricial effect on rachitic 
conditions snporiinposcd on fluorosis, .and contirniini; tlic findinys of Mor^^areid^c and Finn 
(lac. cit.). 

Discrs.sio.v. 

'I'lic present experiments have reinforced the previous fimiinu that caleiiim salt.s have 
a mitifintintr cfTcct on fluorine poisonin'' in rats, ^^a;,'nesium salts confer a similar protection, 
though t(j a .somewhat sfiiallcr rlegree. ft is. fiowex’cr, not yet clear how the calciurn or 
magnc.sium salts act in lessening tlie severity of fluorine poisoning. The henefieial effect 
observed with these salts cannot be wh'dly explained as being fine to the meehanieal removal 
of the fluorine ns an insoluble fluorifle. .\ttempls were marie to t}irf)w light on fids jiroldeni 
by a series of experiments in which ji toxic dose f)f soflimn fluf»rifle admirdsfered oral Iv was 
followed by either oral or subcutaneous admiidstration of cjdfdnm lactate f>r ealeiiirn gluconate. 
Though these experiments wore not very sueeo.ssfiil, they hel{)od to show tliat ealeium salt 
administered subcutaneously was equally ellieaeimis in ndtigating the tf)xic effeets of fluorine, 
ft is. therefore, obvious that there is something more than mere meehaideal removal of the 
fluorine as an insoluble fluoride that is responsible for lessening the severity f)f fluorine jroison- 
ing. TIow exactly the protective clTeet of calcium is exerted retnains to be exj'lained. 

SUM.M.MtY ANM> CO.VCI.U.SIO.VS. 

1. Further experiments were carried out on the oifcct of ealeium salts on thiorine 
poisoning. 

2. The dilferent salts of ealeium have roughly the siune potency in mitigating the toxic 
effects of fluorine. .Vagnesinm salts too confer a similar protection, tliough to a somewhat 
smaller degree. 

3. The fo.xieity of fluorine (■(>mf)onn(i.s cannot l)c accounted for by their soluhility in 
wafer; ningno.sium fluoride was found to be the mo.st toxii'. followed in descending order by 
sodium fluoride and calcium fluoride. 

4. Vitamin (' did not lo.ssen the .severity of llunrinc f)oi.sordng in rats. 

5. Vitamin 1) had no benefleial effect on raehitie conditions superimposed on 
fluorosis. 
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STUDIES IN' VITAL CAPACITY. 

BY 
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\ 

P. B. SASTRY, M.B., B.s. 

{From the Department of Physiology, Andhra Medical College, VizagapaUtm.) 

[Received for publication, February 21, 1944.] 

It lias beea pointed out by Dreyer (1919) that variations in vital capacity may be 
due to a racial factor. This view was supported by Wilson and Edwards (1921). During 
the last two decades, tlie question of racial factor, and tbe value of vital capacity as a 
test for physical fitness and efficiency, attracted the attention of the medical scientists 
in China. Japan, the Philippines and India. VeCloy (1927) studied the problem in 500 
Chinese students and found that ‘ there was a larger variation in nationals of one kind 
caused by climate, activity and body-build than is found "between nations and races ’. 
Krishnan and Vareed (19.32. 1933) from their observations on 301 medical students at 
Vadras expressed the opinion that ‘the lower values obtained among South Indians- 
might be due to warm climate, which is responsible for less tendency for exercise, low 
metabolism and poor chest expansion, but not due to the influence of race or nationality ’. 

On the other hand. Bhatia (1929) working in Bombay sunnorted the view of Dreyer. 
Ilason (1932) from her extensive studies on South Indian women observed thatfboth physical 
activity, especially during childhood, 'as well as race, might influence vital capacity. The 
racial factor in vital capacify is still a doubtful one. 

Whatever the causative factor may be. it has been stressed ty different investigators 
that variations are sufficiently wide to demand dift’erent standards for different countries. 

In India. Bha tia (loc. cit.) obtained results from a study on 100 healthy male subjects in 
Bombay. H e found that ' Stand ards according to body-surlace area and standing height — 
are most constant '. K rishnan and Vareed (loc. cd.) collecte d data on 301 subjects and 
found a defi nit e correlation between Utal c-npacitv — and — atnnriin g height and chest 
expansiom Reddy (1933) recorded his observations on the Utal capacity of IGo male 
students at Vizagapatam. De and De (1939) noted the vital capacity of 100 male 
subjects in Bengal. 

A statistical study of the problems was first undertaken by Dlason {loc. cit.). The observa- 
tions were made on 587 women from different parts of South India. She correlated vital 
capacity with height, weight and surface area and devised standards for predicting vital 
capacity from these measurements. Similarly, Telang and Bhagwat (1941), working in Bombay 
on 172 male subjects, found a correlation between vital capacity and standing hmght, sitting 
height, weight, body-surface area, trunk-surface area, deflated chest, inflated chest, mean 
chest and chest expansion. They found no correlation with age. They stated that the most 
significant correlation was. firstly, with trunk surface and next with sitting height. 

The data recorded in this paper are presented to show the range of Utal capacity in 
healthy indirdduals in the Vizagapatam area and the relation of vital capacity to different 
anatomical measurements as obtained from these data. 

Data obtained by other workers in India and the Indian total average and other non- v/ 
Indian averages have been tabulated (Table II), ' 

i\r.\TERl.VL or THE PRESEXT IRWESTia.ATIOX. 

The total number of indiUduals in whom Utal capacity was measured was 310 The 
ages of these ranged between 17 and 43 years. Of these. 243 were students between the a<res 
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of 17 and 25, the remainder being doctors, teachers and servants. Anatomical measurements 
(standing height, sitting height, weight, chest circumference, chest expansion, body-surface 
area, trunk-surface area and chest volume) and also the dynamometer reading for muscle 
power (hand-grip) were recorded in a large number of them. All measurements could, not 
be obtained in all the subjects. The study includes all classes of people and there was ho 
selection in the subjects. The results obtained are given in Graphs 1 to 10. The number of 
subjects under each anatomical measurement was not large enough for the mean to be 
representative throughout each series. So, the readings are also re-grouped into small ranges 
of anatomical measurements and their mean vital capacity. This re-grouping roughly indicates 
the nature of distribution of vital capacity among those ranges of anatomical measurements. 
Both the individual and re-grouped data are represented graphically. 


Results. 


To measure the vital capacitj^ Sanborn’s spirometer, a wet type marked in c.c., was used. 
The highest reading obtained in three attempts was recorded. 

Total number of subjects . . . . . . 310 

Age range . . . . . . . . 17 to 43 years. 

Average vital capacity . . . . . . 2,985 c.c. 

Number of students in the group . . . . 243 

Age range among students . . . . . . 17 to 25 years. 

Average vital capacity in students . . . . 3,002 c.c. 




Age and vital capacity . — 

Total number of subjects 
Range of age in the group 

„ „ vital capacity in the group 


.. 219 

. . 17 to 35 years. 

. . 2,675 c.c. to 3,700 c.c. 


Graphs do not show any relationship between age and vital capacity. Results of other 
Indian workers also show the same absence of relationship. 

^'2. Standing height and vital capacity . — 

Total number of subjects . . . . . . 230 

Range of heights in the series . . . . . . 150 cm. to 180 cm. 

„ „ vital capacity in the series . . . . 2,510 c.c. to 3,850 c.c. 

Average standing height . . . . . . 166 cm. 

Vital capacity per cm. of height . . . . 17-9 c.c. 

Graphs indicate correlation between standing height and vital capacity. 

-'^3. Sitting height and vital capacity . — Sitting height was measured between the level of 
the ischial tuberosities and the top of the head with the subject sitting on a high stool. 

Total number of subjects in this series . , . . 132 

Range of heights in the group . . . . . . 77 cm. to 93 cm. 

Average sitting height . . . . . . 85-4 cm. 

Range of vital capacity . . . . . . 2,400 c.c. to 3,543 c.c. 

Vital capacity per cm. of sitting height . . . . 36-7 cm. 

The best correlation of all the series is obtained between sitting height and \-ital 
capacity. 

^ 4. Weight and vital capacity . — Recorded with the minimum clothing in kilos. 

Total number of subjects in the series . . . . 226 

Range of weights .. .. ' 40 kilos to 76 kilos 

., ., vital capacity . . . . . . 2,696 c.c. to 3.938 c.c. 

Average weight for the group . . . . . . 53-5 yjgg 

Vital capacity per kilo . . . . . . 55.3 ^ ^ 

There is good relation between weight and vital capacitv as shown bv the f^ranh 
is next to relation of chest expansion to ^•ital capacity. ' ‘ o u • 
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5, Body surface and mial ca-pacity . — Recorded in square metres by referring to the charts 
prepared by Booth bj-- and Sandiford based on Du Eois’s fonnula. 

Number of subjects in the grouj) . . . . 224 

Eange of body surface .. .. 1-34 sq.m, to 1-92 sq.iu. 

Average body surface .. .. .. 1-59 sq.m. 

Eange of vital capacity . . . . .. 2,478 c.c. to 3,850 c.c. 

Vital capacity per sq.m, of body surface ‘ .. 1,9] 1 c.c. 

There is relation betAveen surface area and vital capacity. 

G. Tnoil'S surface and v\ial capacity . — Calculated according to tlie following formula : — 

A = Distance between jugular notch 
and symphysis pubis. 

T. S. = A {J3 -j- (■) X ()‘703 . . . . ' B = Girth of chest at nipple level. 

C = Girth of abdomen at level of 
^ umbilicus. 

Number of subjects in the series . . . . 43 ' 

Bange of trunk surface (corrected to hundreds) . . 4,300 sq.cm, to G,200 sq.cm. 
Average trunk surface . . . . . . 5,347 sq.cm. 

Bange of vital capacity . . . . . . 2,600 c.c. to 3,G10 c.c. 

Vital capacity per 1,000 sq.cm. . . . . . . G02 c.c. 

There is relation between trunk surface and vital capacity. 

' 7. Normal chest circumference and I'ital capacity .' — ^Becorded at the level of xiphisternum 
at the end of normal expiration. 


77*5 cm. 


Number of subjects in the group . . . . 217 

Bange of che.st circumference . . . . . . 60 cm. to 100 cm. 

„ .. vital capacity . . . . . . 2,450 c.c. to 3,600 c.c. 

Average chest circumference . . . . . . 77*5 cm. 

Vital capacity per cm. of chest circumference . . 40 c.c. 

From the graph a linear relationship does not seem to exist between chest girth and vital 
caj»acity- 

8. Chest xiolume and vital capacity . — ^Jfeasurements are juadc with anthropometric 
calipers and calculated according to the formula : — 

f X — Length of .sternum. 

• j Y = Antero-posterior diameter of 

U .. .. .. 

i Z = hfid-axillary diameter. 

Number of subjects . . . . ' . . . . 38 

Bange of chest volume . . . . . . 5,400 c.c to 9,500 c.c. 

(correlated to hundreds). 

Average chest Amlume . . , . . . 7,056 c.c. 

Bange of Autal cajracity . . . . . . 2,600 c.c. to 3,900 c.c. 

Vital capacity per 1,000 c.c. of chest volume . . 452 c.c. 


C. V. == XYZ 

Number of subjects . . 
Bange of chest volume 


Average chest Amlume . . , . . . 7,056 c.c. 

Bange of Autal cajracity . . . . . . 2,600 c.c. to 3,900 c.c. 

Vital capacit)" per 1,000 c.c. of chest volume . . 452 c.c. 

No linear relationship can be made out. 

' 9. Chest expansion and vital cajracity , — ^Becorded at xiphisternal level first, at the end 
of normal expiration and again at the end of maximum inspiration. 

Number of subjects . . . . . . 217 

Bange of expansion . . . . . . 1 cm. to 10 cm. 

Av’^erage expansion . . . . . . . . 5*1 cm. 

Bange of Autal capacity . . . . . . 2,600 c.c. to 3,510 c.c. 

Good relation is observed in the graph. It is next to sitting height relation. 

10. Mxiscle poH'er {hand-grf )). — ^Becorded by means of a dynamometer in both hands 
and maximum reading out of three efforts vuth each hand taken. The hand-grip is recorded 
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as this is an index of general muscular build of tbc individual and because M-ell-developcd 
respiratory muscles of the chest help its mobility and increase the vital capacity. 

Number of subjects . . .. •• " + -n 

■Range of dynamometer readings • • ■ • 

Average of dynamometer readings .. ‘ , o o,... 

vital capacity _ . - ■ ■ • ' ’ 

Vital capacity per one division . . • ■ 

There is linear relationship between grip (muscle power) and vital capaciti- 11 lieu the 
series are re-grouped, the graph shows the best relation of the series. This indicates that a 
better relation might be obtained when a larger number of .subjects are investigated. 


SUMM.\RY. 

1. Vital capacity was measured in :n0 male subjects of different sects, classes and ages. 
The average capacity was 'i.bSo c.c. 

2. Various anatomical measurements such as height, weight, etc., have been correlated 
with vital capacitv. The highest correlation was obtained between sitting height and vital 
capacity. Chest expansion gave the next best relation. No correlation u as found betueeu 

age and vital capacity. 

3. A table showing the results recorded by different Indian workers and English,^ 
American. Chinese and Japanese averages has been given {^cc Table II). 

AVe are thankful to Dr. N. Alahasiugari, Professor of Pliysiology. Andhra HedicaD 
College, for his kind guidance and encouragement in this work. 
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Table I. 



Relation between various anatomical measnrements and vital capacity. 

! 


•Anatomical measurement. 

Vit.rl capacity per unit. 

Average of the series. 

Number of 
subjects in 
each. 

St.anding lieig)it in cm. 

17-9 

C.C. per cm. 

106 cm. 

230 

Sitting height in cm. .. 

30-7 

c.c. per cm. 

S.5'4 cm. 

1.32 

Weight in kilo. 

o6’S 

r.c. per kilo. 

53'5 kilo. 

226 

Body surface in sq.m. 

1,911 

C.C. per sq.m. 

1‘59 sq.m. 

224 

Trunk surface 

002 

c.e. per 1,000 sq.cm. 

5,317 c.c. (calculated 

from uncorrected 
original read- 

ings). 

43 

Chest girth 

40 

C.C. per cm. 

77*0 cm. 

217 

Chest volume 

452 

c.c. per 1,000 c.c. 

7,055 c.c. 

38 

Hand.grip (muscle power) 

SO 

c.c. per e.icli dir i- ion 

30 divisions. 

158 
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Table II.’*- 

Vital capacity figures for Indians. 


Iiu'estigators. 

Number 

of 

subject*'. 

Age in 
3»car«. 

Avernfre 

vital 

enpneity in 
c.c. 

Vital 

capacity in 
c.c. per cm. 
of standing 
height. 

Vital 

capacity in 
c.c. per sq.m 
of body 
'»urfnco. 

Place from 
which the 
results are 
reported. 

1. Bhatia (1929) 

100 

20-46 

3,090 

18-62 

1,960 

Bombay, 

2. Telang and Bhagwat (1941) .. 

172 

18-29 

2,919 

17-06 

1,830 

Bombay. 

3. Krislman and Vareed (1932) . . 

103 

18-29 

2,929 

17-6 

1.8.50 

Madras. 

4. Ivrishnan and Vareed (1933) . . 

198 

17-2(i 

3,050 

18-6 

1.930 

Madras. 

5. Roddy (1933) 

103 

•• 

3,150 

19-1 

1,060 

A'izagapatam. 

6. Reddy and f^astry (1944) (this 
paper). 

310 

(total). 

17 43 

2,98.') 

(in 310 
subject**). 

17-9 
(in 230 
subjects). 

1.911 
(in 224 
subjects). 

Vizsgapatam, 

7. De and Be (1939) 

100 

17-23 

2,721 

lG-6 

1,790 

Bengal, 

Indian averages — 







Men (deriv'ed from the above data) 

1,088 

17-43 

2,982 

17-96 

1,889 

India. 

Women (Mason, 1932) 

687 

10-35 

2,160 



India, 

Chinese — 







t(Foster and Heieh. 1923) 

426 

Adulta 

3,180 

19-6 

2,020 

China. 

Japanese — 







t(Satake and Sato, 1938) 

230 

19-26 

3,800 

23-3 

2,380 

Japan, 

English — 







Average 


•• 

4,342 

24-0 

2.420 

England. 

Ameriran — 







Average 


•• 

4,647 

20-2 

2,640 

America. 


* This table has been prepared -n'ith the help of Table VI in the paper published by T). M. Tclang and G. A. 
Bhagwat, given in the list of references. 

t Quoted by Telang and Bhagwat (1941). 
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.SULPHAPVRIDINE, effect of, on e.vperimental rat 
Jepros^v, 201. 

TE.MPERATURE. sec body temperature. 

THI.AMINE : inactivation of, bj- certain foodstuffs and 
oil seeds, 1.61, 1.69 ; anti-thiamine factor in carp, 123. 

TLS.SIIE.S of animahs, estimation of trihniogen volatile 
nme.sthctic.s in, 189. 

TONIC, .lee .s})IcnomegaI\'. 

TOXICITY of sulpbanil.vl-bcnzamide, 01. 

TOXIN, see diphtheria. 

TREAl’.MENT. see Oriental sore. 

TRICTILORETHYLENE ns an an.'esthetic agent, 0-5. 

TRIHALOGEN VOL-4TILE nnrcsthetics in blood and 
tissues of animals, c.stiraation of, 189. • 

TROPIC.S, measurements of basal metabolism, body 
temperature and pulse rate during a journey to the, 
27. 

TRYPTOPHANE, liberation of, from proteins, 145. 

TUiMOURS, malignant, in Cevlon, 71. 

TYPHUS (XK) in Cojdon, isolation of a strain of 
Riehettsia orienlalis from cases of, 223. 

TYRO.SI.NE, liberation of, from proteins, 146. 

UMBET.L.-iTA, .see lierbcris vmbcllala. 

UMRELL.ATINE, pharmacology of, 63, 

VOLATILE, see trihniogen. 

VENOM, see cobra nntivenene. 

VIBRIO CllOLERJE, isolated from 1942 Kunming 
epidemic, 1. 

Vn’AL CAPACITY, studies in, 237. 
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as n cause of eye diseases in Bengal, 109; (]].vn' 

do.xino) in foods using rice-moth larva?, 117 ; C 
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VOGES-PROSKAUER test, observations on, lOa. 


XK TYPHUS, see typhus. 
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NOTICE. 

Scheme for distribution of Penicillin. 

1. Ttr is probabty now common knowledge that the American authorities have 
recently agreed to release limited quantities of penicillin for use of the civil population in 
India and as a corollary .they have stipulated that all use of it must be under strict 
Government control. 

2. In order to ensure that the available supplies are equitably distributed throughout 
this country and reach patients to whom its administration is justified in the current medical 
practice the distribution and use of penicillin is controlled by the Government of India 
through committee consisting of five members with the Director-General, Indian Medical 
Service, as its Chairman. This committee is known as the Central Penicillin Control Board 
and it is imperative now on every importer of penicillin to comply with any control rules 
and regulations that may be issued by the Board from time to time. Publication No. 1 of 
the Board has 'already been published. This besides giving the dosage and mode of 
administration of penicillin includes also the diseases in which penicillin is indicated and 
contra-indicated. Copies of this pamphlet have already been supplied to the heads of the 
Government Medical Departments in Provinces and States. 

3. Naturally the unusual healing properties of penicillin have caught the imagination 
of the medical profession, so much so that often supply of this drug is requested for the treat- 
ment of indefinite cases where everything else has been tried and found to have had no 
results. One of the objects of the measures of control is to prevent this use of such a valuable 
drug. Its use is also prohibited in venereal diseases. 

4r. It is as necessary with penicillin as with sulphonamide, to know the nature of the 
infection to be treated. "While some bacteria are extraordinarily susceptible to it, others 
are completely unaffected, and to use penicillin in an effort to eliminate them is a complete 
waste of valuable material. There are three groups of bacteria against which both the sul- 
phonamides and penicillin are effective, with some important individual differences, and 
these account for most of the infections in which penicillin has been used. 

5. Penicillin, in the first instance, will be supplied only to approved institutions, autho- 
rized to use this drug by or under the authority of the Board. Any stocks remaining 
over each month after the various Provinces have been allotted as much as they require 
will be sold by importers direct to medical practitioners and non-government institutions 
under the following control ; — 

Every request for supply of penicillin in such cases must emanate from a medical 
practitioner and should Ije accompanied by a certificate that the case for which 
penicilhn is required is suitable for treatment which should be signed by an 
Administrative Medical Officer, i.e. a Surgeon-General, Inspector-General of 
Civil Hospitals, Residency or Agency Surgeon, or any of the ‘ assessors ’ 
nominated by him for the purpose. These assessors will ordinarily be surgeons 
or specialists who havm access to a suitable bacteriological laboratory. 

In order to judge whether the use of penicillin is justified the ‘ assessors ’ will require 
particulars of the case which must include the diagnosis of the case, bacteriological findings, 
the doses, the mode in which penicillin is proposed to be administered and also the quantity 
required. If the assessors are satisfied they will sign a certificate that the case is suitable 
tor penicillin treatment stating how much penicillin is to be issued. The importer on receipt 



of such a certificate Avill issue tlie amount of ])cnicillin prescrihed thereon. It is incumbent 
on every medical practitioner or institution obtaining jicnicillin to submit a case report 
through the Government Assessor on the jirescribcd Penicillin Clmrt copies of which have 
been distributed to Provincial and State medical anthorities. 

6. A considerable portion of the quota allotted to India has alreadj' reached the hands 
of the importers, Stoclcs of penicillin air ])rc.sent arc available with hlessrs. Kemp & Co. at 
Bombay, Madras, Calcutta and Delhi, hlcssrs. Pnrlcc, Davis & Co. at Bombay, Madras and 
Karachi, Mes,srs, T. M. Thahorc k Co., Bombay, Mc.s.sr.s, Martin k Harris Ltd., Calcutta, 
Messrs. Volkart Brothers, Bombay, i^fessrs. D, if. Wadia k Co., Bombay, and Messrs. Smith 
Stanistreet & Go., Calcutta. 


— Editor, I. J. M. R. 
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A CASE OF CANINE S. TYPHIMVRWM INFECTION WITH NOTES 
- ON OTHER SALMONELLA INFECTIONS IN ANIMALS. 

BV 

J. F. SHIRLAW, M.R.C.V.S., 

Lieut. -Colonel STUART McDONALT), m.d., m.r.c.s., r.a.m.c., 

AND 

JIajor W. HAYES, m.b., f.r.c.p.l, b.a.m.c. 

-{From the Imperial Yeterinarxj Research, Inslilnte, MuUeswar, and the Central 3Iilitary 
Pathological Laboratory, Mia Command.) " ~~ 

[Received for publication, November 6, 1944.] 

Since Savage (1925) commented on the meagre knowledge regarding animal carriers of 
salmonella infection transmissible to man it is nowadays difficult for any one but the specialist 
in this field of research to realize the great extent of new knowledge and to keep pace with it. 
Thus, ' the number of recognized salmonella types had doubled from the time of the first 
publication of the Kauffmann-White Scheme in 1934 to the second edition in 1939 and has- 
abont trebled by now ’ (Bornsteiu, 1943). It is now firmly established that domestic animals 
are the main source of human salmonella infections : salmonella have frequently been isolated 
from animal sewage and well and surface water contaminated by it. The problem is further 
complicated by the fact that certain farm animals, notably swine, occasionally harbour a 
considerable variety of salmonella without any evidence of active disease. The risk of human 
infection is further aggravated by the fact that about 2 per cent of rats and mice (America), 
which are liable to contaminate foodstuffs, carry S. enteriiidis and S. typhmnrinm, while 
S. amtam and 8. nexvington have also been isolated from rats. Of the essentially human types 
of salmonella, E. typhosa has been isolated once from a hen along with 8. 2 )'i^ilorunx : mixed 
salmonella infections are not uncommon in animals. It is worth noting, moreover, that not 
a few salmonella types isolated from man, and originally considered host specific, have been 
recently isolated from animals : ‘ it is higUy probable that, sooner or later, these types will 
^ appear in septiciemic disease of animals and gastro-enteritis of man ’ (Edwards and Bruner, 
1943). Summarizing this knowledge, these workers catalogue the following types (excluding 
8. pullomm and 8- gallinarum from domestic fowls) isolated from animal sources according to 
the frequency of isolation ; 8. typhimurium, 8. cholerce suis var. hunzendorf. 8. typhimurium 
var. Copenhagen, 8. abortus equi, 8. cholerce suis, 8. bareilly, 8. anatim, 8. derby, 8. neivport, 
8. newington, 8. senftenberg, 8. bredeney, 8. orianenburg, 8. enteriiidis, 8. dublin, 8. montevideo, 
8. California, 8. new brunsioicJc, 8. Worthington, 8. kentveky, 8. minnesota, 8. munchen, 8. london 
and 8. give. All these types were isolated from a wide variety of animals, including domestic 
fowls from which, however, 8. abortus equi, 8. cholerce suis, 8. cholerat suis var. hunzendorf and - 
8. dublin were not isolated. The following types were recognized : in swine, 8. cholerce suis, 
8. cholerce suis var. hunzendorf, 8. newport, 8. nexo brunsicick : in' ruminants, 8. iyplmmirium, 

8. bredeney, 8. newport : in horses, 8. typhimurium, 8. abortus equi : in foxes and dogs, 

> 5 . typhimurium, 8- choleras suis, 8. cholerce suis var. hunzendorf, 8. dublin. ' 

In India, in spite of the frequency of paratyphoid-like fever in man and the general 
importance of the salmonella problem in public health work, including milk and meat inspection, 
the animal salmonella problem has scarcely*I)een touched : the chief reason is the dearth of 
trained workers and the mass of general animal disease problems that confronts the animal 
pathologist. Infection of horses due to 8. abortus equi has been studied in considerable detail 
(Edwards, Haddow — ^unpublished work), as horse-breeding is a matter of moment in India. 
Disease of the domestic fowl due to 8. pullorum is suspected to exist but the organism has not 
been isolated. IS. gallinaruxn has been isolated in a solitary instance (Cooper and Naik, 1931). 
From an outbreak of septicaemia in pigeons 8. enteriiidis was isolated (Shirlaw and Iyer, 1937). 
Septicfflmia of calves due to 5. dublin has been described (Shirlaw, 1935 ; Rajagopalan,. 1938)’. 
Manifold (1928) isolated an organism described as B. certryche (mqtton) from 'one hdufiffidurine 

J, MR ( 1 ) ^ ■ -'-y--- 



an investigation into ‘autumnal pyrexia ’ of hounds of the Poona Tfunt ; he found that in 
two cases, the sera of pariali dogs agglutinated this organism at significant titre. The entry 
of the dog into the list of animals that are potential carriers of salmonella disease to man is 
noteworthy : to date, there are few clinical records. Caspersen {1037) describes an outbreak 
of paratyphoid fever in six persons living in adjacent houses in a small town inKomay a 
sick dog was incriminated as thc'source of inlection. The organism was not isolated but both 
the human and dog sera agglutinated tS. paratyphi B at diagnostic titre. hfagnusson (19.38) 
records a small outbreak of human paratyphoid fcver>preading from a house in which a female 
dog had been ill with fever and had aborted. Gard (1938) studied the bacteriology of this 
outbreak and isolated from the dog and from three out of four human patients an organism 
related to S. paratyphi B for which he propo.sed the name S. ahoitus cmiis. Kauffmann and 
Henningsen (1939) describe an outbreak of gastro-enteritis in six members of a family of seven 
A sick dog was held responsible on bacteriological and serological grounds. The organism, 
named S. glostntp^ was placed in group G of the ICauffmann-White Scheme, with an antigenic 
structure vi, viii ; z^q-, en. zm- 

The subject of this note is, therefore, in correlation with the foregoing facts concerning 
salmonella disease in the dog, worth recording and rcprescnt.s the second record of the isolation 
in India of an authentic salmonella species from the dog. The source was a cross bred female 
terrier aged about four years and living in a hospital compound. This animal aborted after 
about a week’s febrile illness and wlien first .seen had an acute septic metritis with signs of 
septiemmia and threatening collapse. The metritis cleared up rapidly under treatment but 
the constitutional symptoms persisted for about three weeks and were accompanied by a 
short but severe attack of enteritis, with blood in the freces, lasting for about four days. 
Convalescence was protracted. Examination of the uterine pus revealed numerous coliform 
organisms, markedly phagocytosed. This organism was easily isolated by swabbing the 
uterine fundus and also from the faces. 


Morphology. — Gram-negative rods, 0‘C/i to 0-7/^ x 2‘0/t to 3'0/i ; motile. 

Biochemistry . — ^Forms acid and gas in glucose, mannite, arabinose, maltose, sorbitol 
inositol and xylose ; mannose fails to ferment lactose, saccharose, salicin, inulin, raffinose, 
glycerol and adonite. HsS : positive. V. P., M, B. and ijulol : negative. 

Serology.— The organism was agglutinated to titre by S. paratyphositm B (0) 250 and 
S. aberdeen (II) 5,000 sera. It completely removed agglutinins from S. typhmwiwn (H) sp 
250 serum. The serum of the dog agglutinated the homologous organism to a titre of 5,000 
and standard S. typhwwrium (H) sp. to a titre of 1,000. / 

Strain S. typhimurium (dog) was plated put and cultures in the (H) specific and group 
phases obtained by colony selection. Suspensions were prepared in forinol saline from eac 
of these cultures and injected into rabbits. The sera so obtained "were diluted to give a titre 
of 1/250 against the homologous suspension and these diluted sera were used in the inyestiga 
tions outlined below, except where otherwise stated. (0) suspensions of the ‘ dog 
were obtained by boiling an agar grown suspension for a few minutes ' to destroy the ( ; 
antigens. 


Simple agglutination. 

(1) ‘‘Dog ’ (H) specific serum v. ‘ dog ’ (H) specific suspension “ oro 

„ ., „ V. S. typhimunum (H) sp. suspension _ “ -50 

S. typhimurium (H) specific serum v. S. typhimurium (H) sp. suspension = 250 

„ „ „ V. ‘ dog ’ (H) sp. suspension = 250 

From these experiments it is concluded that the ‘ dog ’ strain possesses the flagellar 
‘ i ’ when in the specific phase. Absorption experiments were not considered necessary a 
were not performed. 

(2) * ‘ Dog ■ (0) serum v. ‘ dog ’ (0) suspension ^ ^ 

„ „ „ V. S. typhimurium Glasgow (0) “ 

„ ' „ „ V. S. enteritidis (0) suspension “ 

* Obtained by diluting the ‘ dog ’ group (H) serum so as to give a titre of 1/^60 against the boiled, homolOn 
suspension. 


( 2 ) 



Tlie serum of the rabbit used for immunization prior to injection contained no antibodies 
against S. eiUeritidis (0) when tested in a dilution of 1 /5. ^ 

This experiment demonstrates the antigenic overlap existing between the strain under 
investigation and /S. enteriddis. This overlap is to be expected in view of the antigen formulae 
of the °0 ’ fraction of these organisms, according to Bornstein (loo. tiit.). 

. ‘ /S. typliinmriwn (I), lY, (Y), (XII). 

S. evleniid-is (I), IX, XII. 

/ 

( ) denotes possible absence. 


Absorption tests. 

(1) ‘ Dog ’ (H) group serum, unabsorbed v. ‘ dog ’ (H) group suspension = 250 

,, „ V. * S. lypJiimurium (H) var. 

binns (H) suspension = 250 

‘ Dog ’ (H) group serum, absorbed binns (H) v. binns (H) suspension = 0 

». V. ‘ dog ’ (H) group sus- 
pension = 0 

binns (H) serum 250 absorbed ‘ dog ’ (H) group v. ‘ dog ’ (H) group 

suspension ‘ = 0 

binns (H) serum 250 absorbed ‘ dog ’ (H) group v. binns (H) suspen- 
sion = 0 


♦ S. lyphivmriuvi var. binns is monopbasic in the (H) group phase and is identieal with S. typUmurhim (H) 
group. 


These experiments prove that the ‘ dog ’ strain ccHitains the group flagellar factors 1 , 2, 3 
' and is in this respect, therefore, identical with S- typliimiirnm. 

(2) ‘ Dog. ’ (0) serum absorbed S. typhimurium Glasgow (0) v. 

S. typhimurium Glasgow (0) suspension ' ~ 0 

(3) ‘ Dog ’ (0) serum absorbed S. typhimurium Glasgow (0) v. ‘ dog ’ 

(0) suspension - = 0 

S. typhimurium Glasgow (0) serum (250) absorbed ‘ dog ’ (0) v. 

‘ dog ’ (0) suspension = 0 

. S', typhimurium Glasgow (0) serum (250) absorbed ‘ dog ’ (0) v. 

S. typhimurium Glasgow (0) suspension • . =0 

These experiments prove that the ‘ dog ’ strain contains (0) antigens which are identical 
with those of S. typhimurium Glasgow. 

From the above data it will be seen that the organism isolated from the dog is identical, 
biochemically and serologically, with S. typhimurium. 


IVe are indebted to Lieut.-Colonel R. Phease, k.a.m.c., for permission to publish the case. 
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A SUEVEY OF LATENT DIPHTHERIA IN VIZAGAPATAM. 
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(From file Department of Bacteriology, Andhra Medical College, Vizagapatam, S. -India.) 

[Received for publication, December 11, 1944.] 

Introduction. 

It is -well knovrn. tkat clinical dipktkeria is less prevalent in tke tropics and sub-tropics 
than in temperate and cold regions. The epidemiology of diphtheria has been extensively 
studied in many parts of the world, but- this subject has received comparatively little attention 
in tropical countries where diphtheria is not a public health problem of major importance. 
Although diphtheria is by no means rare in India, relatively little work has been done on its 
epidemiology. Most urban areas in the tropics are foci of epidemic diphtheria and epidemic 
outbreaks of greater or less severity are liable to occur at intervals though it is not known 
whether such outbreaks occur with any regular periodicity. The occurrence of such epidemics 
has often been observed and it has frequently been reported that they are usually less severe 
and associated with a lower mortality than those so commonly met with in temperate and cold 
countries. 

An outbreak of diphtheria of more than usual severity occurred in Vizagapatam in 1937 
during which most of the cases which occurred were not subjected to bacteriological examina- 
tion. Of 32 non-hospital cases proved by bacteriological examination only one proved fatal. 
The incidence of the disease was highest in children between 2 and 15 years of age (25 out 
of 32 cases) and the remainder occurred in older age-groups among which the oldest victim 
was 65. 

A carrier survey of the local population was commenced in April 1938 and continued 
until-January 1941. The original intention was also to investigate simultaneously the degree 
of latent immunization of the community by wide-scale Schick testing, but as the necessary 
reagents could not be obtained in India, this intention had to be abandoned. Bacteriol- 
ogical investigation of children for 0. diphtherice -yra.s, however, carried out. 

Material and methods. 

During the period of survey a total of 707 children between the ages of 2 and 12 years 
was examined. All the children had reported to the ear, nose and throat outdoor depart- 
ment of King George’s Hospital, Vizagapatam. Parents were carefully interrogated for a 
history of diphtheria and for information regarding conditions of housing and living, but in 
many cases the information elicited was of doubtful value. Vizagapatam has a population 
of approximately 70,000, and as children from various parts of the town and from various 
social strata were included in the survey, the, total number examined may be regarded as a 
fair cross-section of the child population. 

Material for examination was obtained by carefully swabbing separately the throat and 
nose in every case ; the ear also was swabbed when discharging from otitis media. Care was 
taken to swab as large a smrface of the naso-pharyngeal mucous membrane as possible. The 
nasal swabbing was done in every case with the same swab for both the nostrils inserting the 
swab well into each. These swabs were immediately brought to the laboratory adjoining 
and used for culture. ° 

Materials on the swabs were directly inoculated separately into a set of one Lceffler’s 
serum slope, one Horgan and Marshall’s blood tellurite plate and one tube of Hartley broth 
The mecukted media were then incubated at In no case was the inoculation delayed 

for more than one hour. No initial microscopic examination of the swabs was attempted 
Ox blood was used m the preparation of the tellurite medium as horse’s blood was not avahable 
loca%. Care also was taken not to employ old samples of potassium tellurite in the nreuara 
tion of this medium. . i 
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Table I, 


✓ 


Cl)ilclron between 


iilalc. 

. Female. 

/ 

2 and 3 years 


21 

12 

ji 4 ,, • . 

. . 

27 

28 

4 „ 6 „ 

. . 

40 

30 

6 „ G „ 


48 

33 

C „ 7 „ 


43 

39 

II 8 ,, « . 


67 

39 

- 8 „ 9 „ 

. . 

r,i 

31 

„ 10 „ 


42 

32 

10 „ -11 


30 

23 

11 „ 12 

.. 

39 

17 

- 

ToTAtS 

417 

290 

Total number of children tested 

• • • • 

707 


Number of children at or above 5 years 

.. 

643 


Number of school-going children (da}’ school) above 5 years 

( Male . 
j Female . 

, 287 
. 127 




414 

History of diphtheria 

. .. 

AhV. • 


History of tonsillitis 

” 

123 


Tonsils previously removed 

.. 

18 


- 

Number 

tested. 

Virulent 

positive. 

Avirulent 

positive. 

7th April, 1938 to 31st December, 1938 

... '285 

*> ' 

0 

! 

2 

1939 

214 

1 

Nil. 

1940 

198 

Nil. 

Nil'- 

January 1941 

10 

Nil. 

Nil. 


The isolation of diphtheria-like organisms was effected from the tellurite plates forty- 
eight hours after seeding. When the Loefiler’s tube showed the presence of morphologi^i 
diphtheria bacilli after twenty -four hours, ^such positives were preserved as reserves 
used when the tellurite plates happened to be .either negative-for any groudh or for mo^ho - 
ogical diphtheria bacilli. Sub-cultures from tellurite plates were made on LoefiQer’s medium. 
From each plate eight different colonies were isolated making eight different cultures from 
each swab and sixteen from each individual. The growth on the tellurite plate was for some 
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reason slow and often took .more tlian forty-eiglit hours for easy recognition and isolation. 
As the result of test seeding it was also observed that much reliance could nQt be placed on 
the colonial characteristics presented on the teUiirite plates for the difl'erentiation of t}"pes. 
Within twenty-four hours after -isolation morphological characters were “studied and what 
res embled the diphtheria bacillus was inoculated separately into a set of Hiss’s serum-water 
tub es containing one per cent glucose, maltose, saccharose, dextrine, lactose and mannite. 
The results of these were read after twenty-four and forty-eight hours and recorded. The 
saccharose fermenters of these were discarded. . 


Results. 

During the survey a total of six strains were isolated which corresponded in their morphol- 
ogical and biochemical characters with C. diplithericB. Hone of these six strains produced 
any eGect on starch or glycogen. All six presented prominent metachromatic granules, gave 
rise to uniform turbidity in Hartley broth and formed hsemolysin, thus conforming to 7nitis 
type. Each of the sis strains was tested for virulence in guinea-pigs following the technique 
described by Mackie and McCartney (1938), and four were found to be virulent and two non- 
virulent. Details of these six strains are given in Table II : — 


Table II. 


Number. 

Date. 

Site. 

Sex. 

Ago in years. 

GIhcoso. 

Mnltoso. 

o 

m 

O 

w 

eS 

o 

o 

a 

in 

Doxtroso. 

g 

s 

o 

Mnnnito. 

03 

O 

B 

s 

K 

Virulent. 

10 

13-4-38 

Throat 

F. 

7 

Ac. 

Ac. 

. , 

Ac. 

• . 

. . 

+ 

+ 

12 

16-4-38 


JL 

12 

Ac. 

Ac, 

•> 

Ac. 

• • 

•• 

+ 

+ 

162 

3-8-38 

ff 

F. 

8 

A. 

Ac, 

•• 

•• 

. • . 

•• 

-f- • 

— 

187 

17-8-38 

>> 

F. 

4 

Ac, 

Ac, 

•• 

Ac. 

• • 

•• 

+ 


251 

2-11-38 

Nose 

M. 

10 

Ac. 

Ac, 

.. 

Ac. 

• • 

-- 

+ 


311 

1-2-39 

Throat 

M. 

8 

Ac, 

Ac, 

•• 

Ac. 

• • 

•• 

-i- 

-h 


Hamolysis -was tested on 6 per cent rabbit-blood agar. Kob. 162, 251 and 311 were Bohool children. 


In the whole series of 707 children examined, only six carriers were detected. All of the 
six positives were found to be harbouring C. diphtheria! in the upper respiratory passages, 
and in five of these this organism was found in the throat. In the throat-negative case, the 
nasal sv-ab was positive, this being the only occasion on which a positive nasal swab was 
observed. The organ^m isolated from the nose was avirulent as was also that isolated from 
one of the throat positives. It is not known whether these two strains were truly avirulent 
or merely avirulent variants. In no case was C. diphiherim isolated from ear discharge, but 
the number of cases investigated was very small. The positive children had no history of 
immediate contact with clinical diphtheria or of previous, diphtheria, but the histories were 
not very reliable. Thus, the latent infection rate with C. diphtherice in the child population 
of \izagapatam bet^en the ages of 2 and 12 years during the specified time interval 
works out to be O'oi per cent vmilent and 0'28 per cent avirulent. Topley and Wilson 
(1936) give 0'6 per cent as the carrier rate among the general non-contact population. 
Vardon (1923) found a virulent carrier rate of O'TO per cent in a series of 1,000 persons of 
all ages drawn from difierent parts of India and examined at Kasauli. ' 
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Discussion. 

It is probably significant tliat tliree of llic four virulent positives were obtained in 1938 
— tbe year immediately following an epidemic of unusual severity for A^izagapatam. There 
was no epidemic worth tbe name m 19:18 and of the 88 swabs from suspected cases tested for 
tbe whole year only 7 yielded positive cultures ns against the corresponding figures of 283 and 
58 in 1937. 

In the course of this work the original swabs were also plated on rabhit-hlood agar in 
order to ascertain the infection rate of hromolytic Streptococci is in the naso-pharynx of these 
children. Out of 200 swabs a ]iositive result was obtained in 14 cases, i.c. 7 per cent. Another 
interesting observation was an unexpectedly high infection rate with Staph tjlococcus. 

In India, epidemics of dijibtbcria start in a coiniminity either from active cases or carriers, 
as milk is invariably boiled before use. Environmental factors such as tbe continued close 
herding of the susceptibles, as would occur in schools, hostels, hospitals and similar institutions, 
are universally accepted as favouring the rapid diffusion of infection. Such influencing factors 
are, however, present both in the tropics and in the colder countries, Alevertheless, the disease 
is relatively infrequent, milder and less fatal in the former. The reason for this difierence 
is not clear. It cannot be fully explained on tlie ground of infrequent recognition and poorer 
reporting on tbe one band, or on better social conditions, improved methods of treatment 
or active prophylactic immunization of the .suscc})tiblcs on the other. Other factors must 
play a part such as those that influence the organism, those that influence the host and those 
that influence transmission. 

There is ample evidence to show that the biological types of tbe organism prevalent in a 
locality would profoundl}’' influence the morbidity and mortality rates and tbe inununity 
status occurring in that locality, hlarlced differences do exist between tbe diphtheria organisms 
found in different localities. Radical fluctuations also occur from year to year in their incidence. 
In any locality there may also occur a sudden replacement of a milder type by a much more 
'virulent one, tbe mitis by tbe gravis tjqie. A\nietber or not tliere is any difierence between the 
virulent strains, any peculiar difference in tbe biological properties encountered in the 
temperate regions and those in tbe tropics lias not been established. Variations due to the 
operation of climatic and meteorological conditions cannot be altogether ruled out. _ But the 
transmission period from one host to another is so short that it is difficult to envisage any 
alteration occun'ing during this period under the influence of such climatm conditions. 
Besides, there is so .far no evidence, based on scientific studies, to support tbe view that any 
lowering of virulence is naturally effected by these factors. 

Tbe nature of all tbe defence factors of tbe body is not well understood. No serious 
consideration has yet been given to tbe complex and little known influence of the bacteria 
flora of tbe naso-pliarynx on tbe colonization of this area by tbe virulent diphtheria bac i- 
AATiether this factor has any rdle in reducing the effective virulence of this pathogen is now 
only a matter of conjecture. 

It is also possible that there may be a high level of endemic immunity developed 
tbe general population as tbe result of a slow inapparent diffusion of infection favoured 
backw'^ardness and insanitation. A favourable host-parasite balance may also play a par 
and this is supported by tbe observation that, in places where the immunity status has ee^ 
assessed by Schick testing, the protection factor is higher in tbe tropics' tban among peop 
who live in temperate and cold climates. A high degree of community iraraumty,_proDa y 
the result of a high degree of sub-clinical infection, is bound to produce a low' case mci en • 
It is an observed fact that tbe incidence of clinical diphtheria is relatively less m the rop 
than, in the higher latitudes. It is true to some extent, as Dudley_ et al. (1934) say, a 
coloured races diphtheria infection tends to be more concentrated in tbe +ion 

than is customary among Europeans and so cases that do occur rarely attract the at , 
of medical men. Experience does not support this suggestion as the sole .(.jgc 

it is doubtful whether racial peculiarities are in any way responsible. There is no sci 
basis for tbe assumption that tbe biological response of tbe tissues of cploured 
infection differs in any way from that of others. Environmental conditions, by lav 
greater opportunities of close contact between man and infection, are probably 
important factors. Tbe system of boarding schools and dormitories is admittedly nnc 
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in the tiopics, but the lovr economic state and tbe peculiar social conditions of tropical popula- 
tions produce ’similar environmental conditions at an even earlier age-period and in a more 
exaggerated form. Immunity, therefore, would tend to develop earlier in life in the tropics 
than in other parts of the world. The experience of Pasricha ct al. (1939), limited as it is, 
tends to support this view. The incidence of the disease and of the carrier state are both the 
outcome of the interplay of many factors and no single factor can be held solely responsible 
for these. ' * " 

Summary. 

1. An account of an investigation into the carrier rate of (7. dipTithericB in Vizagapatam 
has been" given. 

2. Swabs 'from the throat and nose of 707 children between 2 and 12 years of age were 

examined over a period' of nearly three years. > 

3. C. dApWiericB was isolated from six of these children in none of whom were history 
or symptoms of diphtheria 'present. Four of the six strains were found to be virulent for 
guinea-pigs and two avirulent. The-' virulent carrier ’ rate for this locality was found to be 
0-57 per cent and the ‘ avirulent carrier ' rate 0'28 per cent. 


With great pleasure I record pry thanks to Professor H. B. Maitland of Manchester 
University and to Professor C. Ramamurty for their helpful suggestions, to Dr. N. V. 
Subrahmanyan of this Department, to Dr. B. Tirumal Rao, the E. N. T. Surgeon of the K. G. 
Hospital, Vizagapatam, and Dr. M. N. Prabhu of the same Department for their very valuable 
cp-operation and help, and to Dr. D, Subba Rao, the local Municipal Health OfBcer. 
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Ulcus tropicum was extremely rare in Bengal until the year 1943 when, during the 
months of July to December, a large 'number of cases occurred in Calcutta. _ Reports were 
also received at the time that cases of Ulcus tropicum were occurring in epidemic form m other 
places in Bengal, Orissa, Santhal Perganas and Nagpur. 

There is an extensive literature on tropical ulcer, relating chiefly to its clinical description, 
predisposing causes, diagnosis and' treatment but few regarding its etiology. The writer’s 
first attempts to investigate the .-etiology of the disease began in 1932 and the results of 
this earlier work were puBished in the Annual Report of the Calcutta School of Tropical Medicine 
(Acton, 1932). Results of later work were published in the Transactions of the Calcutta 
Medical College Re-Union (Panja, G., 1937-38). A suggestion was made there that /usiJor??i 
bacilli implanted on injured or diseased skin caused the disease, but no conclusive evidence 
had been obtained. ^ 

During the investigation of a large number of cases in Calcutta in 1943 the following special 
clinical features were noted with regard to setiologj' of tropical ulcer ; — 

1. The xUcers were almost Invariably confined to th.e lower legs, but in two out of 68 cases, the front aspect 
of one of the knees was involved. This suggests that the infection, if there be any, is derived from the soil. 

2. The gums were found healthy in most cases. The possibility of infection vrith. fusiform bacilli'fiom gums, 
as reported by Apostolides (1922) and Clements (1936) was remote. 

3. There was no observable, local or general immunity in the disease. A fresh sore could be reproduced at the 
site of a healed ulcer by inoculating the pus from an active sore. One patient after being cured of multiple ulcers,’ 
returned with two big ulcers, after two months. In some cases, a fresh sore broke out at a different site when an 
old sore was nearly healed. 

These facts suggest that the ulcer is not caused by a virus which generally gives a solid long-standing 
immunity. 

Predisposing causes and t-eefors. 

1. Most of the cases examined were bare-footed Indians belonging to the middle and poorer classes. This 
again suggested that the infection was derived from the soil. 

2. The ulcers generally started at the site of injury to the skin or other lesions sneh as impetigo or boil as 
'' reported by other workers. Many cases received injuries from shoes and tramples while waiting in a crowd to buy 

food. A suggestion is therefore put forward that damaged and devitalized tissue may predispose to the development 
of tropical ulcers. There was one interesting case of a boy who received an injury in a Bulitary contractor’s firm 
with tools used and sent back from the Assam frontier. It is well known that Ulcus tropicum is prevalent in Assam 
and it is possible that the infection was carried on the tools. 

3. General health was poor in some cases on account of starvation but some patients were in excellent health 
there being no signs and symptoms of any vitamin-deficiency. The theory of deficiency in vitamins has been put 
forward as the direct cause of the disease hut this cannot explain why ulcers should occur on the lower legs only 
The theory of malnutrition was also negatived by Hughes (1931) who showed that there was no improvement by 
feedmg with cod-liver oil, orange juice and yeasts. Buchanan and Sanderson (1935) also found no response to diet 
rich in vitamins. It is possible that deficiency may be a predisposing cause and this point has been stressed by 
Clements (ioc. ci(.). Ko peripheral neuritis was found in any case as reported by Rapier (1943). 

termites have been reported as probable vectors of infection by Pox (1920-21 ) and Young (1932) 
Ao evidence in support of this contention was obtained in the present investigation. 

It is possible that the war Las favoured the spread of the disease from Assam to Bengal and other provinces bv 
evacuation of infected persons, carriage of infected soil by increased motor lorry transport and partly possiblv 
also by belpmg to create more prevalent malnutrition and consequent enhanced susceptibility. ^ j 


Bacteb.ioi.ogy. 

l._ Fusiform bcrcflli.— Gram-positive./vsjJon?! bacflli were found in the pus of all typical 
ulcers m the active stage, and the presence of such fusiform 'bacilli came to be regarded as a 
diagnostic picture. In none of the cashes studied in this or the previous series were fusiform 
bacilli absent when the ulcers were typical and active, i.e. when thick erej-ish pus acute 
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tenderness and a raised slielving margin were present. Altliongli t]ie bacilli were Gram- 
positive, they became Gram-negative after prolonged dccoloiixation Avitb alcohol. This fact 
is important, as all cultures o^ fuf,{foim bacilli were Gram-negative, 

The f If siform bacilli tendcd_ to di.sappear when the ulcers were healing but reappeared 
wlien liealing was interfered witli by artificial means. There was a constant association 
between the presence Jv^tiforin bacilli and the characlcr.s of a typical tropical ulcer but no 
such association was observed iji the case of other micro-organism.s sometimes found in the 
ulcers. 


A factyof great im])ortance is that, in .some ulccr.s, fusiform bacilli only were found on 
repeated microscopical examination and that no other organisms were detected by rnrohic 
culture on blood-agar. 


In an unopened pustule in the neighbourhood of a tropical ulcer. i\o fitsiform bacilli were 
found but Staphylococcus and Streptococcus were isolated. This pustule gradually assumed 
the characters of a tropical ulcer when it wa'^ broken and contaminated vith the pus from 
the neighbouring tro])ical ulcer. 


Histological examination of ulceroius ti.^sue .showed fusiform bacilli in the granulation 
tissue, arranged in a ])ali&adc from wliich penetrating chains invaded the deeper parts/ Cocci 
and other organisms, if present, were above the row of fusiform bacilli. The above facts 
suggest thfit fusiform bacilli may be thcT-ause of the disease. 


2. VinceiU’s spirochcctes were seen in .some ulcers but were absent in the majority. A 
careful search was made in material stained with Gram’s. Leishman’s and Giemsa’s stains 
including the serum exuded after scra))ing but in most cases none were found. Absence of 
spiroclnutcs has also been reported bv 'A’olbach and I’odd (1912-13), Fox {Joe. cit,), Corpus 
(1924). James (1938) and Basu (1913).' 


3, Other micro-oryanisms. — Gram-positive cocci chiefly Streptococcus pyogoies were found 
in some ulcers. Staphylococcus aureus, diphtheroids, Gram-negative bacilli and occasionally 
Clostridium were also found but there was no constant association between any particular 
organism and the active stage of an ulcer. In fact, in some ulcers cocci were found even up 
to the healing stage. No typical ulcers coidd be reproduced on human volunteers with 
cultures of any of these organisms. 


4. Virus . — Pus from tropical ulcers from seven cases filtered tbrougli Ls porcelain candles 
and inoculated into the cborio-allantoic membrane of developing ben’s eggs did not reveal 
the presence of any virus on incubation. 


Cultivation of the fusiform bacillus. 

The organism was successfully cultivated on sheep-blood agar in w^bicb a little sterilized 
pus from tropical sore -was incorporated. A thick inoculum wms stroked on a blood-agar slope 
or plate which was incubated under anarrobic conditions at 37°C, As blood-agar plates were 
often found contaminated after 3 to 4 days’ incubation it was found more suitable to use bloo 
agar slopes w'itb cotton plugs. Pyrogallic acid powder and 10 per cent caustic potash y we 
put on the top of the plugs and this w'-as immediately follo-wed by the application of wg 
rubber-caps. Only two longitudinal strokes -were made. with a loopful of thick pus coliec e^ 
from the bottom of an ulcer. Fine translucent colonies w'^ere seen after 3 to 4 days jneu a 
tion at 37°C. Any fine colonies which appeared w'ithin 24 hours w'^ere never due to fusijoin 
bacilli but usually to Streptococcus. Later as a routine, cultures were taken pn two 
‘ pus-blood ’ agar slopes, one on Loeffler’s serum and one serobically on ordinary blood-age^ 
in order to see whether there w’^ere any aerobic organisms in ,the ulcer pus. If there 
growth on aerobic culture, fusiform bacilli w'ere more commonl}'’ isolated in pure culture un 
anaerobiasis. 


On sub-culture, sometimes fine ,and coarse types of colonies were found. Some 
mucoid colonies were seen. Colonies were low convex with an entire margin but sornetirae 
older colonies showed a crenated margin with a central depression or elevation. It 
difiicult to maintain a culture. The majority were viable up to 7 to 10 days only hut a ew 
remained alive up to 26 days. Hence repeated sub-cultures were necessary. 
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Morphology —The organism was Gram-negative, fvsiform,' arranged either singly or in 
pairs dr in chains characteristically clustered. Thickenings were found sometimes in the 
middle or at one end of the bacilli. These were not spores as these were not found free and 
did not take any spore-staining. In a few cultures a mixture of spirillar forms and fvsiforms 
was found as was seen also in some specimens of pus. In one culture, pure spirillar forms 
only were found and the colonies were very fine and visible with a hand lens only but on 
repeated sub-cijltme usual colony forms and fnsiforms were seen. The Spirillar forms seen 
did not resemble Vincent’s spirochsetes. 

•The bacilli were motile showing brisk and twisting movements. Sometimes there was 
circling movement, hlotility was also visible in pus films. 

As the organism was Gram-negative in culture and found often in chains, there was some 
doubt at first whether true fusiform bacilli were isolated. But this doubt was dispelled when 
it was found that at least some of them were fusiform and some were feebly Gram-positive. 
Pure cultures of such organisms were obtained from samples of pus which, on repeated lAicro- 
scopical examination, had shovrn fusiform bacilli only. Ulcus Iropicum was reproduced experi- 
mentally with Gram-negative bacilli from such cultures and in films from the experimental 
sores, Gram-positive bacilli only and no other micro-organisms- were demonstrated. 

Attempts at cultivation of the fusiform bacilli on various other media were made but 
failed. Trials from a few cases were made on horse-serum agar (Weaver and Tunnicliff, 1905), 
ascitic-agar slants (Tunnicliff, 1906 ; 1911), Dorset’s egg (Peters, 1911), blood-agar and potato- 
extract agar with gentian violet (Slanetz and Eettger, 1933) and also various other media 
but were of no avail. Smith’s (1933) technique in sheep-serum agar with a fragment of 
ulcerous tissue was tried twice and Krumwiede and Pratt’s (1913) method of anserobiasis was 
followed but without success. ' As the technique was not simple and difficulty was experienced 
in detecting and picking off fusiform bacilli from cultures containing other facultative auEerobic 
micro-organisms, further trial was dropped. The method and medium adopted as a 
routine were ample, a large number of cultures coiild be put up within a short time and 
examination of colonies and sub-cultures could be made easily without damaging the medium. 
The only disadvantage was that cultures were not successful in every case on account of heavy 
contamination with secondary invaders. This was largely obviated by dressing the cases 
for one or two days with sulphathiazole dressing powder and then with sterile saline. "When 
on aerobic cultme few or no micrjj-organisms were seen'and still fusiform bacilli were abundant 
in films, cultures were taken on several ‘ pus-blood ’ agar slants. 


Experimental production of sore. 

Infectivity of the pus from tropical ulcers was first tested. An intradermal inocula- 
tion of a small amount of pus into arms or legs of man often led to the development of a 
typical ulcer showing fiisiform bacffli in 3 to '6 days. Animals, such as monkeys, dogs, 
rabbits, guinea-pigs, white rats, mice and pigeons were found to be refractory. In some 
animals, abscess or atypical sores developed hnt fusiform bacffip were, never found in any 
of the lesions. Nigerian hedgehogs were not available and therefore Smith’s (1936) 
observation could not be repeated. 

Monkeys and white rats fed for one month with autoclaved polished rice, were found 
insusceptible to inoculation either with the pus from ulcers or pure cultures of fusiform 
bacilli. Pus or cultures of fusiform bacilli mixed with ionizable calcium salts was also tried 
but no positive result was obtained. 


Eleven persons were inoculated intradermally either on the upper arm or lower leo- with 
0-2 c.c. of a thick suspension of five different strains of pure cultures oi fusiform bacilliln the 
3rd or 4th generation. In all cases sores developed at the site of inocidation, varying from 
to P' in diameter within 4 to 6 days. Fever with rigor, cedema, redness at the’sites of injection 
arid sometimes generalized oedema of the whole limb were present. Such marked reactions 
were probably due to the hea^^y dosage used but these soon subsided leaving only an ulcer 
discharging copious pus and showmg typical Gram-positive fusiform bacilli in films and 
cultures but no spirochmtes. Ulceration was preceded by the appearance of a purulent bleb 
and marked tenderness was present. There was ^eat difficulty in getting further volunteers 
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for inoculation/ experiments on account of the pain experienced. Experimental success •was 
more often achieved ^yhen a bandage was applied and maintained for 2 to 3 days after inocula- 
tion and the site of inoculation was squeezed with a pair of sterilized forceps immediately 
after inoculation and 'on two subsequent days so as to crush the tissue and produce the required 
0-R potential for multiplication of the fit sif or m bacilli. Ulcers healed up in~10 to 20 .days 
without any treatment excepting that a sterile dressing was kept on. Cultures from artificial 
sores yielded pure groAvth of fiisiform bacilli and with sub-cultures from experimental sores 
further tropical ulcers were reproduced.- (Ulcers reproduced with a mixture of fiisiform 
bacilli and Streptococci were bigger and took a longer time to heal.) 

In a leper suffering from multiple trophic sores near each other on one of his legs a culture 
of fiisiform bacilli Avas applied by scarification on one of the sores and a bandage was applied 
so as to exclude outside contamination and favour ana?robiasis. The typical characters of 
tropical ulcer developed in a few days and fiisiform bacilli were, found but other sores in the 
neighbourhood were unaffected. 

jPus from tropical ulcer showing fiisiform bacilli only was inoculated into some ordinary 
ulcers and a bandage Avas applied. The characters of a typical tropical ulcer developed in 
a few days and fvstform bacilli were found in the jms. 

In a few persons inoculation either with the pus from an ulcer or pure culture of 
fiisiform bacilli Avas not successful. 

Small doses of cultures- of Staphylococcus aurens, Streptococcus pyoyenes, diphtheroids 
and Pseudomonas pyocyanea that Avere isolated from some ulcers Avcre inoculated intradermally 
into volunteers, followed by crushing of the tissues at the site of inoculation but no typical 
tropical ulcer with presence of fusiform bacilli could be reproduced. 

In, one case, besides the fusiform bacilli, anaerobic spore-forming organisms belonging 
to the genus Clostridium Avere isolated. These on inoculation into Amlunteers gave rise to fever, 
oedema at the sites of inoculation and ulcers similar to tropical ulcers, discharging copious 
pus full of Gram-positive bacilli. But these bacilli Avere not Viko fusiform bacilli in appearance 
and unlike fusiform bacilli produced changes iii cooked meat media. 

Filtrates of pus from tropical ulcer passed through La candles were found non-infecbive 
and no ulcer could be reproduced by inoculation of such filtrates. 

All the above Endings are consistent AAnth the belief that the fiisiform bacillus is the true . 
cause of XJlcus^ iropicum. The eAudence in favour of this theory is summarized beloAV : — 

1. ' Ftistform bacilli are always found in active sores, even when the sores are followecf up from day to day. It 
is only when the ulcers are healing and covered witli red granulation tissue that no bacilli are found. But the Gram- 
positive cocci which have been described by Roy (1928) as being the probable cause are present even in the healing 
stage and sores reproduced by such cocci show neither typical characters of tropical ulcer nor fusiform bacilli in the 
pus.- 

2. Oji histological examination of an idcer fusiform bacilli are found penetrating into the deeper la 3 'ers of the 
granulation tissue, while secondary invaders are found more superficially. 

.3. Pus showing only fusiform bacilli.by jnicroscopical as well as cultural examination was found infective but 
the filtrate of such pus was found non-infective. 

4. In seventeen sores from different cases pisiform bacilli only were found by anferobic culture and no 
organisms were isolated by mrobic culture. In eight of these sores, repeated examinations were done. 

5. * The disease was reproduced in eleven volunteers with the 3rd or 4th sub-culture of the organism and the 
organism was recovered in pure culture from experimental sores. Tropical ulcers were also reproduced with 
cultures of fusiform baciUi from experimental ulcers. Heavy inoculum, intradermal injection, crushing ot 
tissues after inoculation and application of bandage so as to prevent access of air and light were the keynotes 
of success. 

fi. Fusiform baeiJIi isolated from all ulcers were agglutinable with the sera raised against several strains oi 
the bacilli and agglutinins were found in some of the case sera during recoverj'. This experiment could not be fully 
carried out as the bacUIi themselves were found .auto-agglutinable. 

That the fusiform bacillus may be the cause of tropical ulcer Avas, suggested by some 
previous ATorkers and Brown’s (1935) important obserA'^ation and remarks may be quoted here. 

‘ It mus-fe be admitted that it is far from easy to dismiss these organisms (fusiform bacilli) as 
saprophytes and the tendency is to suspect them as being causal, yet a complete chain oi 
evidence has never been established. It is felt by the writer that they are causal as they are 
almost constantly associated with a definite clinical condition whereas, were they saprophytic, 
they would be constant irihabitantB of all ulcers.’ 

( U ) - 
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Fig. 5. — Colonies of fusiform bacilli, magnified, 
3 to 4 days’ old. 
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Fig.*' 4. — Colonies of fnsifoi m bacilli, 
natural si^e, 3 to 4 dates’ old. 
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Fio. 6. — Fusiform bacilli in clustered chains as seen in ‘ 
blood ’ ngni culture. 








‘ Smith believed the Spironema to be the causal organism... but the culture was not pure. 
His results were not coniirmed by the writer.’ , 

‘ The whole problem is one of great difliculty and nothing ^vill ever be completely estab- 
lished until some worhei succeeds in obtaining a pure culture and a fair number of human 
volunteers for inoculation.’ 

Experimental tropical ulcers were reproduced by inoculating pus (Blanchard, 1914 ; 
Balliano, 1916 ; Box, loc. cit . ; Smith, 1936) but no previous worker appears to have established 
the cauil organism by reproducing the sore with a pure culture. Fox {loc. cit.) in India 
inoculated with cultures of J’usi^oTiH bacilli and his experimental sores were atj pical, 

‘ not at all lie Haga sores ’ in his own words. This worker has not recorded the result of 
examination of pus from experimental sores. Smith (1933), in Africa, was the first person 
to try inoculation experiments on eight volunteers with a pure culture of fusiform bacilli 
isolated by him. Boil-like lesions residted in only two of the volunteers and typical ulceration 
was not obsen-ed ; films showed only scanty fusifortti bacilli and the ulcers regressed in two 
to five days. 

Dietetic cause. — ^The influence of diet in the causation of Ulcus tropimm has been stressed 
by several members. The author’s observations indicate that diet is not a factor of importance 
for the following reasons : — 

1. The disease was not seen in Calcutta prior to the recent epidemic although dietetic 

deficiency has long been common. 

2. The disease was^ seasonal and the epidemic subsided in spite of the dietetic defi- 

ciency being continued. ■» 

3. Ulcers occurred in persons with no signs of diet deficiency. ' 

4. In a family when one member was affected, others were rarely affected although 

the same dietetic conditions prevailed. 

5. Ulcers were a^ost invariably limited to the lower legs. 

G. Healthy volunteers were successfully inoculated v.’ith ulcer material or cultures 

ot fusiform bacilli. 

7. Ulcers responded well to copper sulphate treatment but not to diet supplements. 

Treatment. — The cheapest and most effective form of treatment consisted in repeated 
dressing, at least three times a day, so as to remove the angerobic condition present in the 
thick layer of pus over the ulcers, favourable for the development of the anaerobic fusiform 
bacilli'. The ulcers were irrigated either with plain boiled water or weak mercuric chloride 
lotion and wMle the jet of an irrigator was playing, all adherent thick pus was disengaged 
with a sterile cotton swab. The following lotion modified from the formulfo of McGuire (1933) 
and James (loc. cit.) was then painted on, and this was follow'ed by irrigation to remove excess 
of copper sulphate and tp minimize the pain caused by the paint : — 

Copper sulphate ... ... ... 2 dr. 

Phenol ... ... - ... 1 dr. 

Gtycerine ... ... 1 oz. 

Finally, a thick absorbent pad soaked in a solution of potassium permanganate (1 in 5,000)- 
was applied. Under this treatment, improvement was seen in two to four days in all cases 

Various other local remedies such as acriflavin, gentian violet, picric acid, mercuric 
chloride .lotion (1 in 1,000) were tried without much success. Sulphonamides haVe been 
reportedVo be efficacious (Bharucha, 1943 ; Panja, D., and Ghosh, 1944) in tropical ulcers but 
m the author’s experience they were found of little value whether given by the mouth or 
applied direct!}’- to the ulcers as a dusting powder. 

A stock vaccine prepared from cultures of fusiform bacilli was found to be of no 
therapeutic value, ■ 
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INVESTIGATIONS OF GROUND-WATER POLLUTION.* 

Part II. 

SOIL CHARACTERISTICS IN V^ST BENGAL, INDIA, AT THE SITE OF 
GROUND-IYATER POLLUTION imTJSTIGATIONS. 

BY 
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{Inlernalional Health Division of The Rochefellcr Foundation), 

Axn 

T. R. BHASKARAN, d.sc., a.i.c,, a.i.i.sc. 

[Received for publication, October 27, 1944.] 

In a previous paper (Dyer and Bhaskaran, 1943) we reported the results of analyses 
of soil samples from a site in West Bengal chosen for studies in the flow of pollution in the 
groimd water from a seeded latrine. These samples were obtained when the wells were 
initially driven and were limited to the area below the latrine in the direction of flow. As 
the experiment progressed it was felt that the soil data secured might not be representative 
of the entire area, and the following additional investigation was carried out. Successive 
soil samples were collected at 2-foot depths from the slirface down to 20 feet. Sampling 
sites were randomly distributed over the entire experimental area, and at least one sample 
was collected in every zone. 

Since mechanical and physical properties and homogeneity of the different layers of soil 
determine the efficiency of the filtration process, pollution flow under different conditions 
should be considered with reference to these fundamental properties of the soil before any 
general application of the results to all soil conditions is attempted. 

Chemical examination of the soil made at different levels will show the presence of chalk, 
which has an important effect upon the imderground flow of pollution. A knowledge of 
other chemical constituents of the soil that are likely to affect the ground water are also 
important in interpreting flow of chemical pollution. The viability of B. coli and other 
pathogens in the ground water are dependent upon soil conditions, especially its organic 
matter content. — . 

Investigations in the Punjab (Dyer, 1939) showed that a knowledge of the lactose- 
fermenting organisms in the soil was necessary in interpreting the bacteriological changes 
in ground water. Study of the nature and distribution of these organisms should reveal the 
presence of any underground pockets of pollution in the experimental area. 

A rather detailed study of the experimental site at Singur in West Bengal was therefore 
undertaken, and the results are discussed in the present paper 

] 

Experimental procedure and results. 

J 

SamjMvff procedure. 

Satisfactory sampling to a depth of 8 feet could be carried out by using the earth-auoer, 
Imt below this depth the soil fpm the upper layers caved and became mixed with the samples 
from the lower ones. Protecting casings were therefore inserted in the holes, and sampling 
below 8 feet was done vuth a sludger. A few preliminary tests showed that this procedure 
yielded satisfactory results. After collection, the samples were well mixed and air dried in 


* The studies mul observ^ioiis on ^bich this paper is based were conducted with the support and under the 
allspices of the International Health Division of The Boekefeller Foundation. 
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tliin layers. YtTicn tliorougUy dried, tire lumps were broken, and representative portions of 
each sample were nsed for analysis. 


Physical 'propcrlies of the soil. 

The soil which was removed'while making borings for the installation of the wells at the 
experimental site was examined for ‘-kankars ’ (lumps of impure CaCOs common in the soil) 
and pebbles. No extra borings were made, as there was a large number of representative 
samples for exanrination. The results showed- that except for the sporadic occimence of a 
few pebbles — not more than 10 at a time from any one bore — ^the soil in the experimental area 
was free from kankars to a depth of 25 feet. A certain amount of gravel was encountered 
in the neighbourhood of one of the observation wells (Co) and in the bore-hole latrine below 
the 25-foot depth, but it persisted for only a few inches. 

The mechanical composition, efiective size, and uniformity coefficient were determined 
for the 70 samples. For those low in clay, the sieve method described by Hazen (1920) was 
used, and for samples high in clay the U. S. Bureau of Soils procedure (Robinson, 1930) was 
used. The resrdts are summarized in Table I. 

The soil at the experimental site was a sandy loam typical of alluvial deposits. The 
smdace contained about 20 per cent of clay, which decreased with increase of depth up to 16 
feet, when only sand remained. Effective size and uniformity coefficients show that the 
water-bearing sands were quite homogeneous, with properties approaching those of the sand- 
bed of a slow sand-filter. 

The soil samples below 14 feet were examined for coefficient of permeability, porosity, 
and capillary force. The procedure followed was the same as that adopted by the Irrigation 
Research Institute, Punjab (Vaidhinathan and Luthia, 1934), and the data are summarized 
in Table II : — 

Table II. 


Physical properties of soil satnpHes below 14 feet. 



aiEAN or 

7 SAMPLES AT EACH 

DEPTH. 

Depth in feet. 

Permeability 

coefBcient 

(om./sec.). 

Capillary force 
(dynes per sq. cm,). 

Porosity 
(per cent). 

14-16 

0-058±0-01 

2-66±0-ia 

44-0±0-61 

lG-18 

0-063 

2-43 

43-0 

lS-20 

o-oso 

2-40 

41-3 


The results show that differences in physical properties of the different layers were not 
pronounced and that, for all practical purposes, the soil was homogeneous. 

The continuity of the different layers and the homogeneity of the soil-formation in the 
experimental area are shown in Table III. Finer particles were present in considerable 
amounts to a depth of 14 feet, and their distribution varied somewhat from site to site. 
Below 14 feet the medium was made up mainly of coarse and medium sand and, for all - 
practical purposes, may be considered homogeneous. 

Data in Table III were tested by variance. The composition of the soil from site to site 
was remarkably similar, but that of successive strata at all sites differed significantlyr - • 
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Table III. 


Percentage distribution of fme particles ami of sand in the soil. 


Fine particlc.s (very fine sand, silt, clay). 


Samit.ino site in rr.r.T. 

Depth in feet. 

5-10 10-15 16-25 26-35 35-50 

60-G5 


0-2 

{)5-3 

95-7 

89-4 

99-2 

45-5 

48-7 

91-4 

2-4 

81-3 

87*4 

87 •» 

81-0 

49-7 

83-7 

85-8 

4-G 

81-1 

02-1 

87‘5 


83-0 

77-1 

83-2 

0-8 

05-8 

* , 

77-8 

82-8 

49-7 

46-4 

33-7 

8-10 

.39-7 

51-7 

58-0 

85-2 

61-2 

51 -3 

18-8 

10-12 

82-0 

44-7 

.35-5 

.37-9 

14-0 

39-7 

22-4 

12-14 

49-0 

.30-8 

24-0 

19-0 


21*3 

9-6 

14-10 

4-0 

17-5 

10-6 

9‘5 

G-5 

7-0 

4-0 

10-18 

1-5 

3-0 

8-0 

6-0 

4-0 

5-5 

2-0 

18-20 

1-6 

1-5 

1-0 

1-2 

1-0 

3-2 

2-5 


Coarse and medium sand (below M feet). 

14-10 

7J‘5 

63-0 

59-0 

70-5 

75-2 

75-5 

81-5 

10-18 

79-5 

81-0 

65-5 

78-5 

80-0 

74-0 

87*5 

18-20 

77-0 

80-6 

88-0 

90-0 

90-0 

77-5 

79-0 


Chemical properties of the soil. 

The chemical analysis of the soil samples included estimations of organic matter, 
different forms of water-soluble nitrogen, carbonates, sulphates, chlorides, and the hydi'ogen ion 
concentration (pH). Total soluble minerals that are likely to affect the conductivity of ground 
water were also determined by shaking the soil samples with distilled water (25 g. with 250 c.c. 
of water) and testing the supernatant liquid. The pH was determined with a glass-electrode 
outfit. Humus and total nitrogen were determined by the method described by Bhaskaran . 
et al. (1936). The other constituents were estimated according to procedures outlined by 
the Association of Official Agricultural Chemists (1935). Average values based on 9 samples 
are given in Table IV : — 

Table IV. 

Chemical analysis of soil. 

(Results expressed on air-dry basis.) 


Mean of 9 sasiples at each depth. 


Depth in feet. 


pH. 
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0-2 

0-6 

35 

0-02 

1-05 

Trace 

0-232 

0-028 

2-72 

2-0 

0-7 

21 

Nil. 

1-02 

9J 

0-166 

0-021 

1-78 

6-10 

0-8 

20 

0-06 

0-99 

99 

0-148 

0-019 

2-78 

10-14 

0-3 

26 

0-05 

0>98 


0-283 

0-028 

13-41 

14-18 

O'O , 

21 

0-01 

0-96 


0-076 

0-007 

16-71 

18-20 

0-7 

18 

0-01 

1-02 


0-051 

0-004 

9-00 


18-1 

J7-1 

18-3 

14-.') 

7-0 

6-6 


0-05 

0-04 

0-03 

0-04 

0-04 

0-05 
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The soil vras slightly acidic in reaction and •well hnffered by the presence of bicarbonates. 
It contained little organic matter mainly of vegetable origin and this was practically absent 
below 14 feet. Large amounts of ammonia were present especial!}' in samples below 14 feet. 
The amount of total soluble minerals was not large when compared ■with the conductivity 
of the ground water, and those present could be accounted for by the chlorides, carbonates, 
and nitrates. The low carbonate content in the samples showed the absence of chalk in the 
experimental area. 

Scrutiny of the results of the chemical analysis of the difierent layers of soil coDected in 
different zones (Table IV), shows no concentration of any of the chemical constituents at 
specific sites or depths of the soil. 


Bacteriological properties of the soil. 

Examination of the soil for presence of bacteria below the water table is never very 
satisfactory, and the following additional precautions were therefore adopted to prevent 
contamination, as far as possible. A 2-inch earth-auger was used for collecting the. samples. 
Before each charge, the boring end of the auger was sterilized by flaming. After removal 
from the bore the inner core of soil was transferred to a sterile basin and was thoroughly 
mixed, rmder sterile conditions. Eepresentative portions of the mixed soil were then 
transferred to sterile bottles, and the wet samples were inoculated in broth tubes within 
4 hours of collection. 

Since the samples contained varying amounts of moisture, parallel aliquots of each sample 
were simultaneously weighed out for moisture determination, so that the bacteriological 
results might be calculated on a comparable moisture-free basis. 

Bacteriological analysis included determination of the nature and concentration of gas- 
iormers in ^lacCohkey broth at 37°C. The soil samples were diluted in sterile tap-water, and 
suitable quantities were inoculated in double strength hlacConkey broth tubes. Erom the 
number of tubes showing acid and gas in 48 hours the most probable number of gas-formers 
was calculated according to the procedure described by Thomas (1942). The gas-formers 
were then plated out and further difierentiated by the indol, methyl red, Voges-Proskauer, 
and sodium-citrate tests. Twenty-one soil samples collected a.t different depths at .5 sites 
were analysecl, and the results are summarized in Table V : — . 

Table V. 


Most probable number of gas-formers in 1 g. of soil. 
(Expressed on moisture-free basis.) 


Place of collection. 

2 

4 

Depth ik feet. 

6 10 14 

18 

20 

Between 5' and 10' 

41 

42 

42 

8 

11 

269 

23 

Between 15' and 25' 

29 

269 

♦ 

3 

3 

1 

8 

Between 25' and 35' 

8 

* 

14 

15 

* 

1 



* Indicates less than 1. 


In view of the rmsatisfactory sampling procedure below the water table, much reliance 
cannot be placed on the most probable number in the difierent layers. The results at least 
show that gas-formers were present in large numbers ia the soil. The differential test of tl 
gas-formers indicated the complete absence of B. colt. Of the 11 cultures studied 9 w 
ojrogeues type 1, and the other 2 were citrate-positive soil bacteria. ’ 
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Discussion. 

The nmrked homogeneity of tiie soil at different deptlis in the water-hearing region, as 
revealed by the analysis of mechanical properties, is an important factor in judging lie floir 
of pollution. For all practical purjioses, the soil occurring below 14 feet may be considered 
a homogeneous filter-medium made up almost entirely of sand. The maximum rate of lateral 
percolation through the medium under the conditions of this e.xperiment may be estimated 
1^.7 ‘‘applying Darcey’s formula. For a ground slope of 1 in 200 and a coefficient of permeability 
of 190 feet per day (Dyer and Bhaskar.an, ]913), about a gallon per square foot per day may 
flow tlirougli the soil at depths lielow 24 feet. It may also be observed, in this connection, 
that this rate is less than the demand flow for efiicient filtration, in a slow sand-filter. 

Chemical anal 3 \sis showed that, with the excejition of ammonia, the soil constituents 
could not apprcciabl)’’ affect the ground-water composition. No pockets of chemical consti- 
tuents or chalk were observed in the soil.- Low content of organic matter indicates that 
conditions below 14 feet were not favourable for the growth of B. coli or other pathogens. 

Bacteriological sampling of soil below the water table is not satisfactory, so that much 
reliance cannot be placed upon the most probable number of gas-formers in the deeper regions ; 
nevertheless, the results show that gas-forming bacteria were present in large numbers in the 
soil but were either rorogenes or soil organisms of non-frecal origin. The complete absence 
of B. coli indicates that there were no pockets of human or animal pollution in the soil of the 
experimental area. The bacteriological picture is very similar to that of the ground water 
in its natural state (Dyer el ah, 1945) and may'- be considered satisfactory from the point of 
view of tracing pollution in the experimental area. 

Summary. 

The mechanical, chemical, and bacteriological properties of the soil medium, in which 
ground-wmter pollution studies were carried out in West Bengal, India, are described. 

The soil was a sandy loam typical of alluvial deposits. The surface soil contained about 
20 per cent clay, wliich gradually decreased ivith increasing depths. Below’ IG feet, the soil 
was all sand. In the water-bearing region below 14- feet this sand wms a homogeneous medium 
with about 40 per cent pore space and properties similar to a slow sand-filter bed. 

The soil was slightly acidic and w'ell buffered by the presence of bicarbonates. • It contained 
little organic matter and that present was of vegetable origin. Soluble minerals w'ere not 
appreciable and w^ere accounted for by carbonates, clilorides, and nitrates. Samples below 
14 feet contained large amounts of free ammonia. 

Bacteriological studies showed that gas-formers w'ere present in large numbers in the soi 
but were definitely of non-fmeal origin. 
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Objectives of the study. 

The necessity for a cheap, safe method of sewage disposal* applicable to small towns and 
ruial areas has become so pressing that investigators have been devoting nmch time to the 
problem in recent years. In India, the situation is especially acute and public health workers 
have repeatedly brought the question to the attention of the public (Dyer and Bhaskaran, 
- 1943). 

The results of previous investigations have not so far provided satisfactory criteria which 
may be used by medical workers under all varieties of conditions in the field. Soil, ground- 
water and latrine characteristics are primary factors determining the extent of pollution flow 
and they should be studied in detail in order that data may be secured for establishing the 
desired criteria. ~ 

Any attempt to trace pollution from a known source in the ground water must be preceded 
by careful studies of the character of the water, chemical and bacteriological, its velocity and 
direction of flow before pollution is added. A properly designed field for obsen'^ations must, 
therefore, be laid out and a statistical plan devised for sampling and analysing the water 
over a period of time both before and after pollution is added. Only by this procedure may 
satisfactory indices of pollution be deduced for use as criteria for testing public water-supplies 
in the future. 

Previous studies carried out in the Punjab (Dyer, 1939) showed that the ground water 
at shallow depths in its natural state may not be free from pollution. It was found also that 
degree as well as extent of such pollution had to be investigated and that the gas-forming 
organisms needed further differentiation. 

The changes occurring in a bore-hole latrine are little understood. The extent to which 
excreta are disintegrated and the nature and concentration of their products have a direct 
bearing on the effluent. The reasons for the defence principle and for the filling up of the 
. latrine which leads to its limited life are also obscure. No attempt has been made so far to 
study the relation of these events to the flow of pollution. 

Although bacterial pollution is most important from the hygienic point of viev the flow 
of chemical products of a soluble and coUoidal nature are of scientific interest and must be 
understood if we are to have a complete picture of what is happening in situ within the latrine 
and in the ground siurounding it. 


» The studies .ind observations on which this paper is based were conducted with the support and 
auspices of the International Health Division of The Rockefeller Foundation. 


under the 
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In Caldwell’s studies (Caldwell and Parr, 1937) pH and odour were useful indicators of 
chemical pollution but these constituents Avere little affected in the earlier studies carried out 
in India. Indicators which are independent of the character of the soil and sensitive to small 
amounts of pollution under field conditions and wliich are ajijdicable to water flowing through 
different types of soil are needed. A more del ailed study of the flow of chcmicaf products 
is, therefore, required. - 

Investigations liitherto carried out. have dealt mainly with jiollution under natural condi- 
tions of ground-water flow. Circumstances may differ in actual practice. When a well in 
constant use is situated near a latrine, lowering the water in the well forms a cone of 
depression in the water-table. To re-establish its level water flows in from the surrounding 
area. The distance affected depends upon the soil and the draw-down caused by the pumping. 
This phenomenon has long been recognized and is known as the circle of influence. Pollution 
w'hich might not normally reach a well may do so if it is in continuous use. 

Tlie objectives of this investigation may be summarized as follows : — 

1. To make a detailed study of soil and water conditions in their natural state prior to 
the seeding of the latrine. 

2. To investigate the direction of flow and tlie distance at Avhich Amrious constituents 
of pollution may be traced in the ground Avater following the seeding of the latrine. 

3. To study^ the life-history of the bore-hole latrine and to determine its practicability 
in rural communities in India. 

4. To determine the practicability of shallow Avells as a source of rural AA-ater-supply. 


The site and design op the experimental field. 


The soil encountered in the preAUous studies in the Punjab (Dyer, he. cit.) was highly 
alkaline, and it Avas decided that further investigations should be carried out in a neutral or 
slightly acid soil. The Site selected was Singm', a Aullage in West Bengal, 20 miles from Calcutta, 
where the soil had a hydrogen-ion concentration (pH) of from 6’3 to 6'8. It aa^s composed 
of clayey silt to a depth of about 16 feet typical of the plains of India and of the Indo-Gangetic 
alluvium constituting them. The AAmter-bearing sand occurred at shallow depths of 16 feet 
and Avas free from chalk. 


Before it Avas utilized as an experimental field the plot was used mainly for cultwation 
of jute and potatoes. Headings of surface contours shoumd the site to be quite level but 75 
feet below the latrine the land had been terraced for cultivation and was 3 feet lower than the 
rest of the area. Observation well C 3 was situated on this lower plot. 


The lay-out of the field with the location of the central latrine and the encircling wells 
at distances of 5 and 10 feet was described in a previous paper (Dyer and Bhaskaran, 1943ct). 
Following the determination of the direction of flow and the Amlocity of the ground-water rows 
of wells were added above and below the latrine in the direction of flow. ShalloAV, medium 
and deep wells A^ere placed 1|- feet apart 15 feet from the latrine, medium and deep wells were 
placed 25 and 36 feet aAvay and deep Avells at distances of 50 and 65 feet. The design of tae 
field is schematically indicated in Fig. 1. A general vieAV showing the forest of wells and t e 
type of concrete platform used to prevent sirrface seepage is presented in the photograp s 
in Plate III {see opposite). 


The notation describing the wells on the figure and in subsequent tables requires e:^Iana' 
tion. The depth of the well is indicated as S, M or D (shallow, medium or deep). ^ ® 

5-foot zone letters Avere used to designate the alternate shallow and medium wells. In ® 
10-foot zone all aa'cHs were ■ deep and numbered consecutively. ■ In the outer rows 
numbered from the one on the centre line (C) drawn through the latrine the length of the ne 
in the direction of flow and designated R (right) or L (left) of one standing at the well a 
facing the latrine. Thus, the second shallow well right of centre in the 15-foot zone-AA 
designated SRoj the medium Avell left in the corresponding position JiLa. 

Wells 26 and 50 feet above the latrine counter to the direction of flow have been given 


the prefix X. 
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Plate III. 


The location ajid arrangement of latrine and wells in the 5-, 10- and W-fool 
zones at the experimental site, Singitr, West Bengal, India. 
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3^ ESULTS. 

Characler of the soil~Thc results of tlie soil annlyses liave been discussed elsewhere (Dver 
and Biiaskaran, 19d3« ; 1945). Soil at the surface contained about 20 per cent clay 
which gradually decreased in amount with increasing depths. Below 16 feet the soil was all 
sand. In the water bearing region below 14 feet the soil was a homogeneous medium with 
about 40 per cent pore space and properties similar to a slow sand-filter bed. Although there 
were significant differences between strata, the soil structure for the site as a whole was 
homogeneous. 

Direction of flow and vclocitj /.^ — The salt added to the central hore-hoh htrine PDyei and 
Bhaskaran, 19i3a) was recovered in the 5-foot zone in shallow wells Silf, SE, SI and S 6 and in 
medium wells ML, MJ and MH (sec Fig. 1 ).- Concentration was higher in wells SK, SI and 
ML. In the 10-foot zone the salt content of the water rose in wells 1)07 to D^o but was more 
concentrated in wmlls D 33 and Dsj. Judging from the rajiidity wdth which salt appeared 
in the medium and deep wells the velocity of flow' might have been ns high as 21 , feet per day. 
The velocit}' in the S stratum w'as somewdiat less. 

Ground-water and meteorological conditions . — ^Thc w'atcr-table and its slope influence the 
flow of pollution and are themselves related to rainfall, air and w'ater temperature and 
humidity. Systematic observations were made throughout the period of the experiment and 
are shown in Fig. 2. 

The days were generally quite humid. Daily readings taken at 8 a.m, varied from 50 to 
100 per cent with humidity over 80 per cent during most of the period. The high humidity 
and the presence of clayey soil on the surface wdiich was fully' saturated may have decreased 
the percolation of rain into the ground water. 

There wms little variation in ground-wmter temperature when compared wdth atmospheric 
temperatures. Seasonal changes may' not, therefore, have had a pronounced effect on the 
decomposition of biological constituents of the ground wmter and the latrine- 

Rainfall varied from 0-98 inches in January 1941 to 22-09 inches in June, 25-04 inches 
in August and <3-14 in October. In January 1942, there was no rain, in June, 1'78 and in 
August 10-25 inches. In January 1943, there was 1-67 and in June, 12-37 inches of rain. In 
spite of the variations in tlie amount of rainfall, fluctuations in the height of the ground -water 
table were similar in the different years. This is shown by' the readings in observation well 
Cl in Fig. 3 : — 



Fluctuations in slope were also similar in the different years and are showm in Fig. 2. 
The maximum slope each year was of the order of 1/200. During the dry months the water- 
table became very flat. 

True and false water-table.—When borings were made in the soil it wa's observed that 
water could not be struck at levels recorded for the observation wells. The true ground-water 
table was always lower. The importance of large_ differences betw en true and false water 
levels in studies on pollution flow from the latrine is obvious. tic 0 ’ ♦^ns w'ere, 

therefore, made near observation wells Ci, C 2 and C 3 and the esc ig- 

( 30 ) 




wo 


•^aaj ui aspj pae anji uaaM^aq 


aouajagiQ 



( 31 ) 


false water-tables. 


The results show that differences in the area around well Co were not great enouoh 
to affect the flow from the latrine. The nature of the soil in~ which the water-table 
stood accounted for the observed differences, Near wells C, and Co where the water-table 
occupied clayey strata differences were greater than near well C.a where it lay in a sandy 
medium, ‘ ^ 

Lalrive comliiions after scediwf.—ln their Alabama studies Caldwell and Parr {loc. cit.) 
observed that in sjiite of the daily seeding, the latrine contents and the surrounding 
ground water stood at the same level. ^ Tlie use of a .2-inch observation well only one 
foot from the latrine to record the height of the water-table may have accounted for 
this fact. 

In the Singur study the latrine contents rose rapidly due to tlieir concentration and to the 
formation of a colloidal liarrier analogous to the defense mechanism. The seeding procedure 
was, therefore, altered on the .3rd March, 1912, after which tlie night-soil was diluted with 
an equal amount of water before it uus dumjicd into the latrine. In spite of this dilution 
it was found necessary to stop seeding for a few days to prevent the latrine from overflowing. 
After the 20th July. 1942, seeding was discontinued as .soon as the water surface rose to 2- feet 
below the .surface of the ground and 4 gallons of water were added daily until the level 
dropped to 4 feet, when seeding was resumed. Actually the latrine was seeded only about 
330 da 3 ^s during the 1 1 years of the stud}'. Days when seeding occurred are indicated 
in Fig. 5. 

Two days after seeding began the latrine w'as observed to be overgrown with chrysomia 
larvae.^ They wei'e originally present in the night-soil (common in latrines of these localities) 
and multiplied abundantly in the latrine. Tliey continued to be present throughout the 
period of the investigation although tlie concentration was less during certain parts of the 
year. 

There was little septic action during the first few months but from March 1942 onward 
vigorous septic action was observed with profuse gas-production, and a distinct mat'^adually 
formed on the surface. During the hot months of March, April and May 1942, the Scum-nipt 
thickened to about a foot. Below this the contents u'erc musln^ consisting of blackish digested 
fgecal material. The sludge at the bottom was still rather loosely packed and cmild not be 
distinguished from the layer above. Colder months had little effect on the septic process 
which continued with the same vigour so that the latrine looked Hire a well -controlled 
septic tank. By November 1942, there was a 2-foot column of packed sludge at the 
bottom. 

/ 

Latrine contents were sampled at two depths and the results of chemical and'.bacterio- 
logical tests are presented in Tables I and II. 

The chemical findings indicate that the ])H of the medium became alkaline in Aj^ril and 
thereafter continued to be 7‘6 to 8'0, favourable for good septic action. The soluble minerals 
as shown by conductivity increased during March -June 1942, and later decreased. AUrahn- 
ity and the ammonias showed the same trend. Nitrates and chlorides showed little increase. 
Bacteriological findings show that the gas-formers which were present in large numbers 
throughout the period were mostly B. coli. Organisms were distributed throughout the 
latrine although the concentration was greater at the bottom than in the middle layers. 
C. welcliii was also detected in large numbers. 

The chemical findings support the observations on physical status in the bore-hole latrine. 
With the onset of septic action in March-April 1942, more minerals and ammonia were 
released. High free ammonia in May and June showed good ammonification. Later, with 
the outflow of pollution it decreased in amount as did also tliat of the other soluble constituents. 
The stationary nitrate content indicates that there was little nitrification in the latrine and 
that the septic process proceeded only to the ammonia stage. 

Apparently only a fraction of the excreta added to the latrine disintegrated. 
end of the experiment the accumulated sludge and solids were estimated at 5-5 cubic feet. 
This would occupy a 7-foot column in a 12-inch bore-hole, 
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Table II. 


Bacteriological analysis of latrine contents 'after seeding. 


Period. 

Number 
of obser- 
vations. 

M.P.X. (GAS-rOBMEBS 
PEE THOUSAND 

PEE C.C.). 

NATUBE op I 

GAS-FOKMERS. 

16-foot 

depth. 

Bottom. 

16-foot depth. 

Bottom. 

Xov.-Dec. 1941 

7 

280 

327 

B. coli. 

B. coli, intermediate II. 

Jan.-Peb. 1942 

3 

190 

257 

S. colt, aarogenes II. 

B. coli, serogenes EC. 

March-April 1942 . . 

7 

630 

621 

B. coli. 

B. coli. 

May-June 1942 

9 

139 

216 

B. coli, intermediate II. 

B. "coli, intermediate II, 
irregular & and soil 
organisms. 

July-Aug. 1942 

7 

42 

65 

B. coli, jerogenes II and 
other soil organisms. 

B. coli. 

Sep.-Oct. 1942 

6 

5 

6 

B. coli, terogenes I and 
intermediate 11. 

B. coli, intermediate II and 
irregular &. 

Kov.-Dec. 1942 .. 

4 

20 

39 

B. coli, intermediate II. 

B. coli, intermediate II. 

Jan.-Feb. 1943 .. 

3 

29 

19 

B. coli. 

B. coli, intermediate II and 
soil organisms. 

Jlaroh-April 1943 . . 

6 

54 

39 

B. coli, ferogenes. 

B. coli, serogenes I. 


Indices of chemical pollution. — ^Experimental errors involved in routine cEemical analyses 
of water samples must be considered in^ judging tbe relative value of tbe different tests for 
cbemical pollution. A number of factorial analyses were, therefore, carried out to estimate 
tbe error due to variation of (1) different samples from the same draw, (2) different samples 
from different draws, (3) same as (2) with longer intervals between draws, (4) personal factor 
and (5) storage of samples for short periods extending up to 6 hours. Conductivity and 
acidity figures only were tested for these errors as these appeared to be more sensitive in 
detecting chemical pollution. The results are summarized in Table III : — 

Table III. 


Magnitude of standard deviation and coefficient of variation. 


Source of error 
(see test). 

Standard deviation. 

-- - » 

CoEPnCIEKT OF VABIATIOS 
(PEE CEBT). 

Conductivity. 

Acidity. 

Conductivity. 

Acidity. 

(1).. 

2-24 

o-oi 

0-8 

8-0 

(l)and(2) .. 

4-73 

7-45 

1-6 

9-8 

(1), (2) and (3) 

4-87 

7-46 

1-6 

9-8 

(4).. 

2-82 

5-01 

1-0 

6-6 

(1), (2), (3) and (4) 

5-63 

8-98 

1-9 

11-8 

(1) and (5) 

25-02 

26-20 

8-5 

34-5 
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Table III shows that cxchicliiig the error dnc to storage (5) the coefficient of variation 
for conductivity ^yas very small. ]5ven with this factor added, an event which rarely 
happened; conductivity consistently varied less than acidity. 

A good test should be characterized not only by a small experimental error but alsobv 
an immediate response to small amounts of pollution.' Since it is a measure of all solubfe 
salts, conductivity changes due to pollution are likely to be larger than those given by other 
chemical tests.^ Conductivity may, therefore, ]irove to be a more useful test for tracintJ 
chemical pollution. “ 

OhemicaJ pnlhuion yn-for to smlw(j. — ^Tlic results of tests for pH, conductivity, acidity 
and the ammonias made on well samples in the preliminary survey were analysed statistically 
to determine the relative importance of the three factors, depth of well, zone and period 
(round). Results of the variance analysis and the mean values based on samples from the 
five replicate wells are given in Table IV. 

The variability of test results from sample to sample ns shown by the standard deviations 
was greatest for conductivity with that for acidity ne.vt. Depth of well and round were 
factors significant at the 1 per cent level for each constituent except pH. Differences 
due to zones were of a lower order but were significant e.vcept those for te.sts for albuminoid 
ammonia. 


Wells in the 5- and 10-foot zones contained comparatively larger and more yaryhig 
amounts of 'chlorides because of the salt added to the latrine in the velocity e.xperiments 
(Dyer and Bhaskaran, 1943cr) and these figures were not analysed. The chloride content 
of the majority of wells was less than 2*5 parts per hundred thousand (ppht). Nitrites 
were present in quantities less than 0*01 parts per million (ppm) and nitrate content varied 
from 0*08 to 0*12 parts per million. 


Degree and extent of chemical pollution after seeding . — ^Five thousand water samples were 
collected from wells and analysed for cliemical pollution after the latrine Lad been seeded. 
Mean conductivity and acidity of wells in the direction of ground-water flow for five periods 
(Noveniber-December, 1941 ; Jannary-April, May-August, September-December, 1 942 ; January- 
Apxil, 1943) are presented in Tables V to VII. The period in which pollution was established 
and its intensity are indicated for each w'ell. 


It may be observed that a rise in conductivity designated more A\ el]s as polluted than did 
a rise in acidity and also that the conductivity increase was proportionately greater. The 
possible effect of salt added for the velocity experiment on conductivity was considered but 
when conductivity values were corrected for the salt effect the conclusions were the same. 
The nature of the day-to-day fluctuations in conductivity in some of the wells is presented 
in Fig. 6. 


With conductivity values as' a basis wells were grouped into those polluted and those 
” ■ 1 i> • 1 • of tue 


non-polluted and the mean concentration of various chemical constituents for each o 
four periods was computed. The values are shown in Tables YIII to X. Those for 
polluted weUs precede those for polluted wells in each zone. 


non- 


The presence of chemical pollution as indicated by the rises in conductivity was corro 
borated by changes in all the other constituents examined with the exception of pH an 
nitrates. The relative sensitivity of other indicators differed, however, especially when va ues 
were contrasted with their standard deviations. Alkalinity is apparently in no way interior 
to conductivity as a test for pollution. Acidity is next in importance^ although the arg 
experimental error (Table III) renders it a less useful indicator. Ammonias are least sensi iv 
probably because of the large amounts present in the ground water in its natural state, p 
was not affected by pollution because of the good buffering of the medium due to the presenc 
of bicarbonates. There was little nitrification in the latrine and no nitrates were recovere 
in the effluent. 


The recovery of pollution in wells as shown by the chemical tests is 
Table XI. 
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N.B. — inclioatos not significant at 5 per cent probability limit. 
* „ significant at 5 per cent probability limit. 


Table 

Flow of chemical pdlhUion in shallow strata 


CONDUCTIVITY (I/IO” ohms). 


Distance in 
feet from Wells, 
latrine. 


Noa’.-Dko. 

1911. 


Jan.-Ai*«. 

1042. 


JIay-Aco. 

1942. 


SKrr.-DEC. 

1042. 


Jan.-Afb. 

1943. 


Mean N Mean 


r 

SA 

4 

203-S 

4 

240-0 

3 

200-0 

4 

250-2 

4 

230-0 


sc 

7 

245-0 

16 

239-4 

18 

251-1 

14 

292-1 

10 

26i-0 


SE 

19 

249-5 

15 

2460 

10 

292-r, 

14 

2S3-6 

11 

258-6 


SG 

13 

225-0 

30 

314-2 

22 

618-2 

15 

512-7 

11 

486-8 

j 

SI 

35 

249-0 

43 

32B-1 

20 

619-2 

10 

627-8 

11 

558-2 


SK 

17 

273-5 

20 

298-2 

18 

33C-0 

13 

370-4 

11 

326-8 


SM 

19 

246-3 

19 ■ 

204-7 

16 

282-5 

5 

289-0 

3 

283-3 


SO 

3 

236-7 

8 

267-5 

3 

285-0 

4 

272-5 

4 

270-0 

\ 

\ 

SQ 

3 

233-3 

3 

250-0 

3 

275-0 

4 

243-8 

5 

262-0 


f SR., 

3 

271-7 

0 

280-0 

1 

300-0 

13 

342-3 

11 

309-6 

SRs 

2 

202-5 

1 

375-0 

2 

345-0 

12 

340-4 

10 

349-0 

SR, 

3 

248-3 

1 

250-0 

14 

368-6 

12 

S55-4 

11 

381-8 

stc 

1 

250-0 

1 

280-0 

12 

287-1 

14 

327-5 

11 

376-8 

SL, 

* 


1 

200-0 

13 

279-2 

13 

313-5 

11 

350-5 

SL.. 


, 

1 

280-0 

11 

297-3 

12 

316-2 

10 

328-5 

SL, 

6 

251-7 

2 

255-0 

13 

248-5 

12 

293-8 

11 

303-2 

SL, 



, , 

• • 

11 

266-4 

13 

298-5 

11 

301-8 

■! SL, 



3 

300-0 

16 

308-7 

11 

300-0 

11 

342-3 

SL„ 



2 

240-0 

10 

253-0 

13 

288-5 

9 

302-8 

SLi 



3 

. 268-3 

12 

270-8 

11 

293-6 

11 

319-1 

SL, 





7 

306-4 

13 

303-8 

11 

307-3 

SLp 



.. 


8 

270-6 

13 

280-8 

11 

281-8 

SL,o 





6 

241-7 

13 

243-1 

10 

226-0 

SL„ 





• 6 

285-0 

13 

279-6 

11 

289-6 

SL„ 





7 

276-7 

13 

244-6 

11 

245-0 

SL„ 





6 

265-8 

11 

232-3 

11 

229T 


N indicates 

Dflifeired figures indicate 

Antique figures indicate 
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V. 

after seeding the latrine. 


ACIDITY (ppm CaCO,). 


Nov. 

-Dec. 1941. 

Jan.-Apb 

1942. 

May- 

-Ano. 1942. 

Sept.- 

-Dec. 1942. 

Jan. 

-Apb. 1943. 

N 

Mean 

N 

Mean 

N 

Mean 

N 

Mean 

N 

Mean 

4 

66-0 

4 

64-0 

3 

64-7 

4 

66-0 

4 

68-0 

7 

68-9 

16 

65-5 

18 

A7-7 

14 

84-0 

10 

60-0 

19 

68-1 

15 

44-3 

16 

' 61-1 

14 

64-0 

11 

49-5 

13 

76-6 

30 

74-3 

22 

151-5 

15 

115-5 

11 

108-7 

35 

63-0 

43 

60-6 

26 

97-5 

16 

114-8 

11 

125-5 

17 

68-9 

20 

62-5 

18 

67-1 

13 

72-3 

11 

67-8 

19 

66-1 

19 

54-5 

16 

63-4 

5 

51-2 

3 

46-7 

3 

60-0 

8 

66-0 

3 

54-0 

4 

51-0 

4 

53-0 

3 

64-7 

3 

68-7 

3 

62-0 

4 

66-0 

5 

67-2 

3 

68-7 

2 

68-0 

1 

60-0 

13 

64-3 

11 

53-8 

2 

43-0 

1 

62-0 

2 

48-0 

12 

56-8 

10 

58-8 

3 

66-7 

1 

46-0 

14 

57-0 

12 

61-0 

11 

62-9 

1 

77-0 

1 

60-0 

12 

60-2 

14 

67-1 

11 

' 73-8 

•• 


1 

32-0 

13 

44-3 

13 

57-8 

11 

61-1 

•• 


1 

64-0 

11 

62-9 

12 

60-7 

10 

62-0 

6 

66-2 

2 

50-0 

13 

42-8 

12 

62-5 

11 

61-6 



•• 

•- 

11 

32-5 

13 

43-8 

11 

52-4 



3 

38-0 

15 

40-5 

11 

52-5 

11 

50-5 



2 

43-0 

10 

42-2 

13 

61-2 

9 

54-7 



3 

67-3 

12 

49-7 

11 

65-3 

11 

68-4 - 



•• 

•• 

7 

64-6 

13 

58-0 

11 

70-5 




•• 

8 

62-5 

13 

51-4 

11 

55-6 



•• 

•• 

6 

41-3 

13 

48-6 

10 

53-2 



•• 

•• 

6 

62-0 

12 

59-5 

11 

55-3 



•• 

•• 

7 

66-9 

13 

60-9 

11 

73-5 



• • 

- 

6 

56-7 

11 

59-8 

11 

47-3 


of observations, 
evidence of pollution, 
evidence of intense pollution. 
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Table 

Flow of chemical jmllulion in medium Simla 


i ■ n ■ Mi— — — mm— — — — 

CONDUCTIVITY (I/IC ohms). 


Distance in 
feet from 
latrine. 


Wells. Nov.-Di;c. 
' 1911. 


Jan.-Avk, 

1912. 


May-Auo. Sept.-Dkc. Jan.-Apb. 

1942, 1912. 1943. 



N 

Alcan 

N 

Alenn 

N 

Alcan 

N 

Alcan 

N 

Alean 

AID 

2 

' 195-0 

4 

232-5 

.-1 

200-7 

4 

243'S 

4 

228-8 

AID 

1 

27u'0 

.* 

2u7'5 

18 

200-3 

13 

271-2 

11 

260-9 

AH' 

17 

200-1 

1(5 

aoo-a 

' 15 

283-8 

14-- 

402*9 

10 

284-0 

AIII 

17 

28:i'o 

32 

397*7 

22 

425*9 

10 

388*4 

11 

348-2 

Al.J 

ao 

271 ‘9 

ai 

295‘S 

21 

301-7 

15 

368*7 

10 

280-5 

AlL 

10 

2ai-7 

17 

279-7 

17 

283-5 

14 

297*5 

11 

267-7 

AtN 

19 

200-S 

20 

300-5 

0 

300-0 

5 

291-0 

4 

295-0 

AlP 

•1 

270‘0 

5 

290-0 

a 

280-7 

4 

297-5 

4 

292-5 

AIR 

2 

2o0‘0 

2 

2S0-0 

4 

303-8 

3 

280-0 

4 

276-2 


AllU 

4 

to 

00 

to 

3 

800-0 

*> 

312-5 

12 

312-9 

9 

303-3 

Am, 

2 

275-0 

O 

805-0 

9 

300-0 

13 

303-5 

12 

302-9 

AIR. 

3 

203-3 

2 

290-0 

12 

298-8 

12 

303-8 

11 

275-0 

AIG 

1 

25-50 

1 

276-0 

12 

298-3 

13 

314-2 

10 

294-0 

AIL. 


* . 

. . 

. • 

12 

315-8 

12 

33S-8 

11 

308-C 

MLj 

, , 

• , 

1 

275-0 

10 

283-0 

13 

290-2 

10 

248-0 

AIL, 

2 

275-0 

1 

290-0 

12 

303-8 

12 

323-8 

13 

284-6 

AIL. 


. • 

3 

303-3 

12 

316-8 

13 

33S-1 

11 

30S-9 

AIL, 


. . 

1 

300-0 

11 

308-2 

13 

312-3 

11 

327-3 

AIL, 


. • 

2 

300-0 

12 

312-1 

13 

321-9 

11 

367*3 

AIL. 


, « 

2 

290-0 

11 

288-6 

13 

306-9 

11 

200-4 


N indicates 
Italicized figures indicate 
Aitfrqftf* figures Indicate 
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ajter seeding the latrine. 


ACIDITY (ppm CaCO^). 

/ 

Nov.-Dec. 

Jan.-Apr. 

May-Atjo. Sept.-Dec. 

Jan.-Apb. 

1941. 

1942. 

1942. 1942. 

1943. 

/ 

N Mean 

M Mean 

N Mean N Mean 

N Mean 


2 

63-0 

4 

40-0 

3 

37-3 

4 

40'0 

4 

61-0 

1 

66-0 

2 

45‘0 

18 

42-4 

13 

60*0 

11 

53-1 

17 

79-8 

15 

63*1 

15 

56-9 

14 

91*7 

10 

54*4 

17 

82-9 

32 

83-2 

22 

93-9 

16 

95-6 

11 

73-1 

35 

76-5 

31 

09-0 

24 

71-2 

15 

87-3 

10 

60-6 

10 

60-1 

17 

02-1 

17 

59-4 

14 

54-9 

11 

50*7 

19 

73‘9 

20 

G4"8 

0 

61-3 

5 

62-8 

4 

62-0 

4 

Oa'O 

5 

48-8 

3 

00-0 

4 

62*5 

4 

48*0 

2 

72-0 

2 

53-0 

4 

09-6 

3 

50-0 

4 

04*0 


4 

63'0 

3 

38-7 

2 

43*0 

12 

55-5 

9 

42*7 

2 

41-0 

2 

31-0 

2 

34-0 

13 

49-5 

12 

47-0 

3 

70*0 

2 

00-0 

12 

63-6 

12 

05-3 

11 

50*7 

1 

77-0 

1 

42-0 

12 

50-5 

13 

51*7 

10 

54-8 

•• 

•• 

•• 

.. - 

12 

52-3 

12 

69-2 

11 

o4'2 

•• 

•• 

1 

38*0 

10 

46-0 

13 

49-7 

10 

42-8 

2 

04-0 

1 

68-0 

12 

60-6 

12 

63-5 

13 

64-2 

•• 

•• 

3 

50*7 

12 

48*5 

13 

52-9 

11 

57-5 

•• 

•• 

1 

40-0 

11 

40-9 

13 

49-6 

11 

60-7 

•• 

•• 

2 

47-0 

12 

61-8 

13 

60-9 

11 

7G-7 



2 

45-0 

11 

39-3 

13 

53-1 

11 

49-8 


of observations, 
evidence of pollution, 
evidence of intense pollution. 
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Table 

pollvtion in deep 

conductivity (]/10^olm,s). 


I^istance in vt^ -n ~ ~ ~ ^ 

feofcfrom Wells. ^ 1012. AIay-Ai/o Ifijo « 

latrine. -iui*-. ^ 


Skf.-Dec. 1942. Jajt.-Aer, 


231-2 

228-,3 

244- 1 

245- 0 
240-G 
249-7 
238-S 


222-5 

224*2 

237-9 

243- 2 

244- 3 
24G-0 
237-J 
254-5 
233-5 
222-1 
229-5 
225-0 

258-3 

245-0 

250-0 


jllonn 

N 

Mean 

• N 

Mean 

2.30-0 

14 

2.30-0 

10 

234-0 

22] '2 

14 

232-9 

11 

223-6 

240-C 

13 

251-9 

11 

243-6 

263-3 

15 

273-0 

11 

•236-8 

240-0 

14 

310*4 

10 

346-0 

244-7 

13 

301*2 

.11 

260-0 

245-0 

14 

271-8 

11 

254-1 

315*3 

14 

284-6 

11 

248-2 

273-3 

14 

293*2 

10 * 

262-5 

225-2 

13 

284*6 

11 

249-5 

229-1 

13 

281*5 

11 

248-2 

235-0 

14 

287*9 

11 

253-6 

260-0 

13 

299-5 

10 

267-5 

250-0 

13 

313*5 

10 

278-0 

237-6 

12 

304*2 

10 

252-5 ■ 

300-0 

12 

292-9 

11 

255-6 

300-0 

14 

328-6 

11 

264-5 

227-5 

12 

264-2 

11 

264-1 

250-0 

13 

278-1 

10 

276-6 


DL, 


240-0 

222-6 

260-0 

215-0 


230-0 

236-0 

244-2 

220-4 

251-2 

216-2 

268-0 

255-0 

232-9 

263-3 

238-6 

226-7 

237- 0 

238- 6 
228-3 


246-7 

5 

226-0 

251-7 

4 

232-5 

270-0 

4 

247-5 

330*0 

4 

241-2 

317*5 

4 

287-5 

286-7 

4 

280-0 

276-7 

4 

281-2 

296-7 

4 

263-8 

267-6 

4 

250-0 

293-8 

4 

276-0 

283-8 

3 

268-3 

290-0 

3 

246-7 

258-8 

4 

237-6 

276-0 

4 

263-8 

266-2 

3 

270-0 
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N indicates number 
Italicized figures indicate 
Antique figures indicate 



VII. 


strata after seeding the latrine. 


ACIDITY (ppm CaCO^). 

Nov. 

- Dec . 1941 . 

Jan .- 

- Apr . 1942 . 

IiUy - 

- Atjo . 1942 . 

Sep .- 

- Dec . 1942 . 

Jan .- Apb . 

1943 . 

N * 

Mean 

N 

Mean. 

N 

Mean 

N 

Mean 

N 

Mean 

17 

65-2 

18 

60 T 

10 

64-2 

14 

62-0 

10 

56-8 

18 

67-0 

18 

51-4 

16 

48-6 

14 

47-9 

11 

60-9 

17 

69-4 

19 

58 T 

16 

66 T 

13 

66-4 

11 

60-7 

18 

79-6 

19 

67-3 

16 

68-7 

16 

74-5 

11 

63-6 

17 

76-2 

21 

61-4 

9 

63-6 

14 

79-3 

10 

79-6 

18 

77-2 

20 

57 T 

18 

64-8 

13 

70-6 

11 

69-5 

16 

66-9 

21 

60-5 

16 

49-7 

14 

66-4 

11 

60-0 



11 

48-0 

16 

61-2 

14 

65-4 

11 

61'6 



10 

66-4 

15 

61 T 

14 

S 5-7 

10 

67-6 


, • 

12 

47-5 

16 

47-2 

13 

70-0 

11 

60-0 


, , 

10 

65-6 

16 

63-6 

13 

63-2 

11 

62-6 

, , 

• , 

4 

46-5 

10 

49-4 

14 

69-9 

11 

60-4 

1 

74-0 

• • 

• • 

1 

40-0 

13 

66-9 

10 

61-2 

4 

84-5 

6 

64-3 

1 

60-0 

13 

81-2 

10 

66-8 


• . 

2 

49'0 

2 

49-0 

12 

66-3 

10 

65-2 


• • 

1 

68-0 

2 

65-0 

12 

77-3 

11 

62-9 

• • 

. . 

« . 

« . 

1 

32*0 

14 

66-9 

11 

48-0 

* • 

• . 

• . 

. , 

2 

- 36 - 0 , 

12 

64-7 

11 

66-4 

• • 

• • 

2 

330 

1 

40-0 

13 

62-6 

10 

62-8 

1 

60-0 

2 

46-0 

13 

49 T 

3 

45-3 

5 

67-6 

2 

B 6-0 

. . 

- - 

10 

60-4 

3 

54-0 

4 

61-0 

.. 

. - 

1 

34-0 

13 

38-5 

3 

60-0 

4 

47-0 

•• 

-• 

2 

24-0 

12 

28-6 

2 

63-0 

4 

87-0 

•• 

•< 

1 

40-0 

13 

51-2 

4 

72-0 
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¥io. 6. — The trend of conductivity in polluted wells. 




N indicates number of- observations. 
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Rccovenj of chemical pollution in medium wells after seeding the latrine. 
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N indicates number of observations. 








Table XT. 


E.rtiu>^ of Jlofr of clmmail polhtlion vi p;clh. 


Depth of 
stratn. 

Dnte of first nppenrnnce. 

Wells nloiif; which ehemicnl 
pollution tlmved. 

Wells showing 
intense pollntion. 

Extent of flow 
in feet. 

Shallow 

Wells SG and SI in fi' zone 
Jan. -Apr. 1042, 

Along wells SC to SK (S' zone) to 
ST?i to SL: (Ifi' zone). 

KG nnd KI 

At iMst 16 

Medium . . 

Jnn.-Apr. 1042 

Along wells MD to ML {»' zone) 
to MC to MI« {!.'»' zone). 

MH 

Between 

16 nnd 25 

Deep 

Mny-Ati", 1042 

Along wells D., to D, {10' zone) 
to DL- to DL,„ (in' zone). 

D.. nnd D,, 

Between 

16 nnd 25 


It may be observed that tlie flow of cliemical products from the latrine was confined to 
the stream of flow indicated liy the salt experiment (Dyer and Bhaskaran, 1943n). These 
constituents were detectable to a distance of 15 feet beyond which point they were too dilute 
to be distinguishable from the natural content of the surrounding ground water. Pollution 
flowed through the shallow wells more intensely than either the deep or medium wells. The 
non-recovery of the products in the Dn wells indicates that there was probably little 
significant flow into the deeper layers. It is of interest to note that under conditions of 
intensive use of a village well, simulated by pumping HOO gallons each morning, pollution was 
not recovered beyond 15 feet from the latrine. 

Experiments were carried out to determine the nature of the nitro«enous products flowing 
out of the latrine and the e.xtent to which these accounted for the pollution recovered in the 
wells. Parallel samples from representative polluted wells, control wells and the latrine were 
examined for the different forms of nitrogens — total organic, ammonia, nitrites and nitrates, 
The data are presented in Table XII : — 


Table XII. 


Nature of the vifrogevoits prodnets recovered from wells. 


Depth of strntn. Well. 



Niteooen 

AS rpM NH,,. 



Totnl. 

Orgnnio. 

Ammonia. 

Nitrites nnd 
nitrntes. 


Polluted 

SG 

5-28 

1-44 

S-80 

Less thnn O'l 

Shnllow . . ' 

ff 

SI 


1-48 

2-36 

do. 


[ Control 

XSC 

2-96 

0-27 

2-68 

do. 


Polluted 

MH 

4‘27 

0-27 

4-00 

Less thnn 0*1 

Medium . . ■ 

Control 

XM,C 

3-73 

0-21 

3-62 

do. 


r Polluted 


'3-85 

1-17 

2-68 

Less than O'l 

Deep . . • 

ff 

D„ 

3-39 

1-79 

1-60 

do. 


. Control 

DaO . 

3-23 

0-21 

3-02 

do. 
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f 

The results show that nitrogen which flowed out of the latrine was mainly in the form 
of ammonia and that nitrogenous products accouiited for only a fraction of the increase in 
soluble minerals recovered from the ijolluted wells. 

Effect of zones and seaso7is . — The wells above the latrine were observed throughout the 
period of the investigation and the data collected furnish a basis of comparison with those 
obtained from wells below the 'latrine after seeding was begun. Conductivity and acidity 
w^re used as indicators of possible chemical pollution. The' period was subdivided into 
int-ervals of lour months with from 1 to 12 examinations of the individual wells in any intersml. 
The mean value for each well and interval are given in Tables XIII and XIV ; — 


Table XIII. 


Conductivity ( 1 / 10 '* ohms) of neater samples in’ wells 25 feet 
above the lairh^e observed thronghont the period. 


1041. 


1042. 

• 

1943. 

Depth of strata. Wells. M.aj’-Aiig. Sop.-Dec. 

Jan.-Apr. 

Jlay-Ang. 

Sep.-Dee. 

Jan.-Apr. 

N Mean N Mean 

N Mean 

N Mean 

N Mean 

N Mean 



^ 5i;sR» 

3 

283-3 

4 

241-2 

6 

265-8 

3 

233-3 

3 

260-0 

5 

260-0 


XSRi 

3 

265-0 

1 

100-0 

2 

230-0 

9 

247-8 . 

4 

252-6 

6 

253-0 

Shallow . . ■ 

XSC 

3 

265-0 

1 

220-0 

2 

235-0 

2 

275-0 

2 

262-5 

4 

268-8 


XSL, 

3 

263-».- 

2 

255-0 

2 

240-0 

1 

300-0 

4 

267-6 

5 

278-0 


XSL, 

3 

350-0 

6 

230-0 

2 

245-0 

12 

224-2 

4 

260-0 

5 

266-0 


Medium 

XMR. 

XMRi 

XML. 

[ XMLj 

2 

4 

3 

6 

303-0 

313-8 

300-0 

264-0 

3 

2 

1 

2 

321-7 

337-5 

300-0 

250-0 

5 

2 

2 

2 

327-0 

350-0 

327-5 

305-0 

1 

1 

2 

2 

326-0 

325-0 

322-5 

282-6 

3 

4 

3 

2 

316-0 

313-8 

318-3 

290-0 

6 

5 

5 

6 

326- 7' 

331-0 

327- 0 

310-0 


XDBj 

3 

253-3 

4 

261-2 

2 

277-5 

1 

275-0 

4 

.293-8 

5 

286-0 


XDR. 

3 

241-7 

3 

250-0 

1 

250-0 

10 

249-0 

4 

263-8 

5 

271-0 

Deep . . - ■ 

XDC 

3 

265-0 

3 

278-3 

5 

279-0 

2 

272-5 

3 

283-2 

5 

279-0 

* ’ 

XDL, 

■ 3 

251-7 

1 

240-0 

3 

250-0 

2 

250-0 

3 

288-3 

4 

283-8 


1 XDL. 

3 

246-7 

2 

237-5 

1 

24b-0 

3 

255-0 

<1 

201-7 

5 

262-0 


J, MR 


N indic.iteB number of observations. 
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Tablr X7V. 


Aoit/ii// [ppm OaCfh) iii ivalrr samph’s in mcUn 25 Jn! fibmx; the latrine oher veil . 

_ IhroxKjhout the period. 


in-ll. 1042, 1943 . 


' 


Depth of Htrnt.T. 

Wells. 

.^^nv 

-All". 

Sop. 

-Dec. 

Ann. 

-Apr, 

May 

-All". • 

Pep. 

-Dec. 

,Tan.-Apr. 



N 

Mean 

X 

Menu 

X 

Mean 

X 

Jlcan 

X 

Mean 

X 

Jlean 

/ 

f XSR, 

.*1 

P3-7 

4 

7.30 

G 

G2-7 

,3 

48-0 

.3 

G7-3 

5 

71-2 


XSR, 

a 

n."!'” 

1 

GOO 

0 

47-0 

p 

.02-2 

4 

58-0 

5 

60-8 

.‘^linllnw .. ■ 

XSC 


7fi-3 

1 

04-0 

0 

45-0 

0 

r,4-(i 

2 

70-0 

4 

62-0 


XSL, 

.■! 

71-0 

*>« 

6.30 

2 

.'•>7-0 

1 

m-0 

4 

Cl-fl 

5 

65-6 


1 XSL, 

3 

94-0 

G 

G8*S 

0 

.Ol-O 

12 

48-3 

4 

C3-0 

5 

55-2 


XiMR, 

0 

r.8-0 

.3 

07-3 

r» 

GO-4 

J 

60-0 

.3 

43-3 

6 

54-7 


X3IK. 

4 

SfO 


.01 '0 

0 

74-0 

1 

70-0 

4 

04-0 

6 

73-6 

Mpdinm 

, ■ XML, . 

.3 

78'7 

1 

78-0 

2 

70-0 

2 

G2-0 

.3 

62-0 

5 

74-4 


i XMLj 

/) 

GiV4 

0 

SG-O 

2 

60-0 

2 

64-0 

0 

66-0 

5 

04-0 

4 

1 

XDR. 

.3 

fiO-3 

4 

7G0 ' 

0 

60-0 

] 

56-0 

4 

76-0 

5 

66-4 

1 

XDR, 

3 

4.5' 7 

3 

61*3 

1 

26-0 

10 

.39-0 

4 

43-5 

6 

52-0 

Deep . . • 

XDC 

3 

C4-0 

3 

6.3-.3 

5 

62-0 

2 

59-0 

3 

83-3 

6 

64-0 


XDL, 

3 

62-7 

1 

44-0 

3 

40-7 

2 

41-0 

3 

69-3 

4 

69-0 


. XDL. 

3 

■ G2-0 

2 

79-0 

1 

60-0 

‘ 3 

61-3 

3 

71-3 

5 

83-2 


N indicates number of observational 


Tables XIII and XIV show that distinct weU-to-well differences occurred and in some 
instances were quite pronounced. Thus, conductivity in well XDBj was consistently _ 
that in its neighbour XDC, and that in XMLo was less than that in well XMIn 
Acidity in adjoining wells XDRi and XDR 2 , XMRj and -XMRs, XSRi and XvSO sn 
marked variations. 


Observations of wells against the direction of flow were less frequent and 
possible to see the seasonal trend over short periods. For the period as ® 
and acidity varied considerably in wells in shallow and medium strata. . ^ 

increased in shallow wells in 1942 and 1943. In medium strata there was a rise in Jan y 
April 1942, followed by a decrease the rest of the year. There was a general tenden^ 
acidity values to decrease both in the shallow and medium strata throughout the perio 
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The means of the conductivh.y and acidity values for wells in the 5- and 25-foot zones 
above the latrine are shown by season in Table XV : — 

Table XV*. 


Chemical analyses of wafer samples from wells above flie lafrhie observed throughout 

the period. 

iMean conductivity (I/IO® ohms). 


Depth of 
strata. 

Distance 
in feet 
above ’ 
latrine. 

Xumber 
of wells. 

N 

1941. 


s 

1942. 


'l943. 

May-Aug. Sep.-Dee. 

Jan.-Apr. May-Aug. Sep.-Dee. 

Jan.-Apr. 


5 

4 

129 

274-4 

230-0 

255-6 

275-6 

265-4 

261-3 

Shallow . . ■ 











25 

5 

Ul 

265-3 

227-2 

241-2 

256-1 

264-5 

261-2 


5 

4 

114 

274-4 

245-2 

'277-2 

289-3 

278-1 

273-1 

Medium . , . 

25 

4 

T2 

295-7 - 

302-3 

327-4 

313-8 

309-3 

323-7 


50 

5 

108 

280-5 

301-4 

319-5 

299-3 

308-9 

312-1 


10 

18 

232 

243-1 

242-5 

245-4 

256-3 

247-5 

249-8 

Deep . . . 

25 

S 

99 

251-7 

253-4 

269-3 

260-3 

'278-2 

274-4 


50 

6 

111 

252-2 

263-2 

264-8 

247-2 

267-3 

267-6 




Mean acidity (pp 

m CaCOs). 





f 5 

4 

129 

79-5 

64-2 

58-3 

68-6 

5.3-0' 

56-2 

Shallow 











t, 25 

5 

111 

80-1 

66-8 

62-6 

60-5 

64-0 

63-0 


6 

4 

114 

74-1 

CG-0 

51-0 

54-6 

55-3 

63-8 

Medium . . . 

25 

4 

72 

74-0 

73-1 

07-6 

01-5 

68-8 

00-7 

• 

60 

6 

108 

'62-2 

84-9 

00-0 

56-0 

58-4 

01-0 

- 

10 

18 

232 

04-9 

03-8 

50-9 

60-1 

58-6 

60-0 

Deep . . - 

26 

6 

99 

50-9 

02-7 

60-9 

61-4 

CC-7 

64-0 


60 

G 

111 

72-0 

72-1 

64-0 

02-3 

69-3 

62-5 


X indicates nnmber of observations. 

* In view of the fact that tlie nnmber of observations was more or less the same for all wells in each period, 
it was considered that this method of estimation of the general beh avionr of wells would prove quite adequate. 
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The sonsonnl varintioii was iiof^ fJic snmc in iiie djU'ercnt ;;ones. Analysis showed that 
interaction between zones and .seasons wa.s si'rnificaiit for conductivity in the medium stiata. 
Diflerenccs in acidity values wore les.s jmononneed. 

Biochemical oxygen demand (B. 0. i9.).'~Bincc there was no dissolved oxygen in the ground 
water a u-day test for B. 0. D. was n.scd in an effort to trace ])ollution. The results varied 
from 0 to 15 parts per million (]ipm) ])rior to seeding and in wells above the latrine ohsemd 
throughout tlie period. Large and varying amounts of iron partly aceounted for the hi^h 
values. i\reans for wells 25 and 50 feet above the latrine for each period are presented in 
Table XVI. The zone and depth differencc.s were not very significant. During the inten-al 
-January- April 1942, mean B. 0. D. rose in all depths and zones and continued to rise somewhat 
during the remainder of the period. In view of the large error involved in the experimental 
technique a mean above 15 ppm may be indicative of pollution. 

Tahle XVI. 


Mean biochemical oxygen demand (jo-day (ciif- for B. 0. D. in grpm] in irnter san} 2 dcs 
from V'clh above, the latrine observed thronghont fie period. 




mil. 




1042. 


- 

1043. 

Distance 

in feet Depth of 

above strnt.'i. 

Sep. 

-Doc. 

Jnn.' 

-.Apr. 

Maj 

•-Aiiv. 

Sep.- 

-Dec. 

Jnn.-Apr. 

I.atrino. 


X 

Ufoan 

N 

lAfenn 


Mean 

N 

Me.in 

N Mean 


8bnllon’ . . 

8 

•.i-n 

8 

0-0 

18 

8-0 

8 

7'5 

2 5-7 

25 . , ■ 

Medium 

f. 

4-4 

4 

7-2 

o 

. n-6 ' ' 

4 

12-0 

2 10-8 


Deep 

fi 

:5-2 

4 

4-4 

7 

G-4 

7 

G'o ” 

GO 

50 .. j 

j Medium 

1 


2-6 

6 

5-9 

10 

12-0 

6 


1 6-6 


1 Deep 

2 

1-2 

2 

51 

16 

7-4 

6 


3 7-0 


N indicates number of observations. 


After the latrine was seeded over 2,000 samples from wells were given the 5-day test fo 
B. 0. D. and the data for the different periods are given in Table XVII. Mean values ro 
to a height of 18-0 ppm in wells of the 5-foot zone in shallow and medium strata known 
be in the pollution stream. The values were erratic, however, as shown by relatively Wd 
values for wells not known to be polluted from evidence of other tests. B. 0, D. did not pro 
to be a satisfactory indicator in this'area. 
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Table Xm 


Organio matter in ivelk'as shown by biochemical oxygen demand {5-day test for B. 0. D. 

in ppm) after seeding the latrine. 


cS 

. 

X 

"o 

o 

O 

s 

o 

id 

o 

.S 

2 

^ 2 

X 

*5 

WeUs. 

1941. 


5-day B. 6. D. lY 
1942. 

PPM. 


1943. 

Xov.-Dec. 

.Jan.-Apr. 

Jlay-Aug. 

Sep.-Dee. 

Jan.-Apr. 

>1 

ilean 

X 

Mean 

X 

.ean 

X 

Mean 

X 

Mean 

1 


f SM-SA 

12 

5*5 

11 

4-8 

18 

9-0 

16 

6-4 

6 

0-1 

1 

! 

g 

SC 

2 

14-6 

4 

5*7 

16 

10-2 

12 

6-3 

3 

8- 

1 

1 

X 

SE 

15 

5'1 

8 

9-9 

la 

7*7 

10 

0-6 

3 

DO 


5 .2 














SG 

17 

4‘5, 

24 

18-0 

^ 15 

16-4 

9 

7-9 

4 

6-6 

■2 


SI 

16 

4-3 

16 

n -1 

IS 

tl-i 

11 

10-8 

4 

11-6 



1 SK 

18 

4-7 

6 

2-3 

16 

8-1 

9 

7-1 ■ 

3 

6-0 


) 

\ 

! 15 

■ SL,-SL„ 

• • 

.. ^ .. 

•• 

0 

IM 

33 

5-7 

19 

0*2 

1 

s:^-SL, 

6 

2-1 12 

S-6 

32 

9-7 

67 

7-1 

32 

4*8 



1 

1 ^ 

r MX-MB 

17 

2*2 

12 

8-5 

11 

12-6 

15 

5-3 

7 

9-2 



5 

MD 

. . 

.. 

2 

2-7 

14 

7-1 

10 

o'S 

1 

, 0-0 



X 

r- 

[ MF 

7 

4’G 

7 

6-3 

9 

0-6 

lo' 

13-2 

1 

3-0 


1 

5 .2 - 















MH 

21 

o’O 

17 

17-6 

18 

17-0 

11 

13-9 

2 

111 



"o 



'4-5 









.2 


r CU 

MJ 

16 

'7 

2-0 

14 

8-4 

11 

14-1 

3 

4-2 

Wl 


\ C 

1— f 

w ML 

16 

37 

8 

61 

16 

10-6 

9 

7-1 

o 

3-9 






0-0 



6 

14-6 

18 ■ 

5-1 

7 

12-0 



15 

■||■|||■ 












1 

L 



2-7 

4 

7*5 

26 

11-0 , 

47 

7-4 

24 

0-2 




r , 

10 


76 

4-0 

56 

. 3-6 

97 

7*5 

130 

7-2 

58 

4-6 



i D„-D. 

40 

4-8 

41 

6-1 

95 

8-0 

82 

8-4 

41 

6-4 

d. 

1 

1 













C: 

1 

J5 J 

1 

DR-DL;. 

o 

2-0 

1 

0-6 

14 

8-0 

O 

11-4 





DL-DL.. 

•• 


3 

6-0 

1.5 

10-4 

, 4 

8-7 

•• 

•• 


X indicates number of observations. 

Jlaticlzed figures indicate evidence of poUution. 
Antique figures indicate evidence of intense pollution. 
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- Bacterial pollnfion prior to seeding. —The flow of bacteria from Uie latrine was easily traced 
at Siiigur because of the low content of the ground water in its natural state. Many wells 
gave negative results w'ith dilutions of 100 c.c. The analysis of water samples was by the 
dilution procedure with quantities varying from 100 c.c. to less than 0-1 c.c. of water when 
the number of gas-formers was high. Parallel samples w'ere plated on Endo medium and the 
poured plates incubated at and counted for coliforni reds at the end of 48 hours. The 
most probable number pi. P. N.) of gas-formers was computed from the total size of sample 
and the number and dilution of the tubes showing acid and gas by the method of Thomas 
{he. cii.). 

Due to the small number of gas-formers in the water prior to seeding differences between 
well depths and zones W'ere iiot significant and the data for all wells were pooled for each round. 
The computed jM. P. Ns, w'ith standard errors arc given in Table XVIII 


Table XVIII. 

Most probable number oj gas-formers per 1,000 c.c. of 
water prior to seeding the hlriiie. 


Hound. 


Ibl (1-7.41 to 10.7-11) 

0-8 i 0-6 ■ 

I’lul (24-7.41 to 7.8.41) 

:}-2 i: 0-4 

;ird (4.9-41 to 19-9.41) 

8-:i ± 0-G 


Table XVIII indicates that the frequency varied from 3’2 to 8'3 gas-formers per 1,000 c.c. 
of water during the three rounds. The difference is probably significant but is not important 
in view of the small number of gas-formers present. 

Results of the bacteriological examination of wells against the direction of flo'W from 
the bore-hole latrine for the different periods are presented in Table X_IX. There was a 
tendency for the frequencies to decrease in 1942 and 1943 as compared with those for 1941. 
These changes are not important, however, since the maximum number of gas-formers at any- 
season was small. 

The results of the differential tests of the cultures isolated from the samples are presented 
in Table XX. They were run on all the wells located against the direction of ground-water 
flow from the latrine during 1941-1943. The results show that 80 per cent of the cultures 
were definitely non-fsecal in origin and that onty one out of 128 cultures could be considered 
as faecal coli. 

Bacterial pollution follmving seeding. — The most probable numbers of .gas-formers for 
different wells and groups of wells for periods following the seeding of the latrine are given 
in Tables XXI and XXII. They show conspicuous pollution in wells in the _ 5-foot zone. 
Means for wells ME and SK wwe high at one time or another and well SI gave a high frequency 
of gas-formers for all three periods in 1942. B. coli density in this well (SI)' rose to 100 per c.c, 
on the 30th June, 1942, and continued high through July. ■ Later, the numbers decreased ana 
virtually no gas-formers were present in 1943. 

In the 10-foot zone B. coli were recovered in wells Dg and Dgi- The number of organisins 
was small in well Ds but very high in well D 2 i over a short period. It is difficult to explain 
' the behaviour of this w^ell, however, since no chemical products of pollution were recovered 
during the period (except Jor a slowly rising acidity) and it lay within the range of the non- 
polluted wells. It should be noted, however, that capsules of chrysomia larvm were recovered 
from this well on 3rd August, 1942. _ 
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Table. XIX. 

The inosL jjrobahle nxnnhcr (ill. P. X.) of gas-foniters per 1,000 c.c. of water in 
samples from wells above the latrine observed 
throughout the period. 


Depth of 
strata. 

Distance 
in feet 
above 
latrine. 

Wells. 

1941. 

1942. 

1043. 

Jnly.-Dec. 

Jan.-June. Julj'-Dee. 

Jan.-Apr. 





- 



i 

XSll, 

— 


— 

- 


XSR. 

3.-! 

13 S 

- 

Shallow . . 


XSC 

6 

- - 

- 



XSLi 

10 

4 1 

- 



XSL, 

5 

- - 

- 

1 

XMR, 

10 

— — 

— 



XMK, 


1_ 

- 


25 





1 


XML, 

12 

— — 

“ 

1 


XilLj 

— 

_ _ 

16 

Medium . . 








1 XJI.K, 

— 

- 1 

— 



XM.R, 

2 

- - 

— 


oO 

XM,C 

.> 

- 17 

_ 



XM.L, 

2 

— ' - — 

2 

I 

L 

[ XM.L, 

- 

1 - 

1 


( 

XDK, 


- 1 




XDR, 

2 

1 2 

— 


25 

XDC ' 

2 

— . — 




XDL, 

»» 

;»• - o 

1 


\ 

J 

XDL, 

' - 

- - 

- 

Deep 






' 


' XD,K, 

o 

- - 

— 



XD,1L 

— 

— ^ 

' — 



XD,R, 

21 

11 — 



50 







XDL 

- 

2 





XD,L, 

- 

7 I) 




t 

. XU !>, 

- 

- 14 

- 


.\vr.nvRK 

r» , 

■| r, * 



— indicates less than 1 oi^anism per 1,000 c.c. of sample. 
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Table XX. 

Nature of gasrformers isolated from wells against the direction of ground-^valer flow 

observed throughout the period. 


1»U. 1D12. 1943. 


. Typo of organism. 

July.-Dcc. Jnn.-Juno. July-Dee. 

Jan.-Apr. 

Total. 

Origin. 

B. coli I 

1 


4 

.. ‘ 

5 * 

Fajcal. 

E. coli 11 



1 

3 '1 






« 


i 22 " 

Doubtful. 

Irregular lactose fermenters . . 

11 

1 

•1 

, •• J 

( 


Mixed (Intermediate, mrogones and others) 

31 

7 

27 




Anajrobcs 

8 

1 

3 

_ 4 1 

■ 105 

Non-fa:ca]. 

Soil 


• • 

9 

. 1 



Total 

02 

9 

50 

11 

y 

132 



* Of these .5 cvilturcs, 4 were traced as due to external contamination and the fifth showed a P. of 23 
organisms in 1,000 c.c. of water. 


Table XXL 

4 

Recovery of gas-formers from wells (means M. P. N. per 1,000 c.c. of water sample) 

after seeding the latrine. 





1941. 

• 

1942. 


1943. ' 

Depth of 
strata. 

Distance in 
feet from 
latrine. 

Wells. 





■ - 

Nov.-Dee. 

r- 

Jan.-Apr. 

May-Aug. 

Sep.-Deo. 

Jan.-Apr. 



' SM-SA 

« 

* 

21 i 3-4 

.2±l-0 

2±0'9 

f 


SC 

14±4-8 

1 

18 

16±4-7 

•• 



SE 

1 

2 

1 

1 

9 


5 

SG 

1 

3 ■ 

13 

1 

4> 



SI 

I 

13±2-2 

Si±8-B 

10±3‘6 

* 

Shallow . . ' 


SK 

• 

2 

* 

20 

11 ±4-0 

* 



SE,j-SLs 


• • 

16±2-7 

4±0-9 

2±0-7 


15 

SL;-SR. 

♦ 

* 

I 

2 

* 


* represents all tubes negative. 
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Table -XKt^ondd. 


1941. 1942. 1943. 


Depth of 
strata. 

Distance in 
feet from 
latrine. 

Wells. ' 






Nov.-Dee. 

Jan .-Apr. 

5Iay-Aug. 

Sep.-Dee. 

Jan.- Apr. 



r MN-3IB 

o±l*3 

l±0-6 

12±2-7 

8±2-0 

1 -l-0*o 



MD- 

« 

^ 5 

9 





MP 

o 

34±ll-9 

6 

9±3-5 

* 

/ 5 < 

I 








MH 

3 

I 

9 

8 

* 

1 


MJ 

2 

7 

5 

0 

* 

1 

1 

1 

1 

i 


ML 

2 

* 

r 

* 

3 , 

* 

'■ 1 

Medivun . . \ 


( MRa-MR, 

14+3-9 

* 

* 

12±2-4 

1 

* 


15 








1 

[ SIC-MLr 

2 

20 

20 

7 

1 


26 

MiRj-M.L= 

.. 


, , 

, , 

* 


V 36 

j r^R 


♦ . 

, , 

. . 

1 






( D.-D,, 

5±0-5 

10±l-0 

4±0-6 

3 ±0-6 

2±0*4 

* 

( 

r 

10 

] 

' 

• 







\ D 30 — D* 

6 

3 

4 

3 

* 





f DR,-DL. 

* 


5±0-0 

* 

l±0-7 




15 

J 









[ DL^^DL,, 

. . 

. . 

, , 

3 

2 

Deep 













20 

D„R-D^L 


20 

3 

4 

1 




25 

, D 1 II 5 — II 1 L 5 


« . 

. . 

, , 

2 




35 

DjRj— Djlii 

a» 









y 









50 




.. 

* 

« 


Wells showing B. coli 


I 


SI 


SI 

SK Ds 
5IF D,, 


SI 

311' 



• represents all tubes negative. 
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Table XXII, 


Most probable number of c-oHforni ort/anianui in wclh showimj B. coli 

aj(er scedimj Ike bifrine. 







iM. N, IS 1,000 c.c. 






SA-ltrLK, 

Doptli of 
strntn. 

DiHtaiiee in 
feet from 
latrine. 

Well. 


Dale of 




.sample. 







Dilution 

Plate counts 

-- 




- 

inelhod. 

in Endo. 




1 

28-y-i:; 

259 



- 


1 

ao-o-12 

3,303 + 

t 




1 

8-7~i2 

3,303 + 

1 

1 

1 




1 

'22-7-42 

3,303 -f 

j 





24-7-42 . 

3,303 + 


Shnllow 

6 

SI 


I-S-42 

3,303 

i 

100,000 






30,000 





6-8-42 

3,303 i 

i 





1 

7-8-42 

1 

41 ' 

• 


> 

• 

1 

21-8-42 

20 • 

- 




1 

1-0-42 

195 ’ 





i 

[ 

21-9-42 

20 ^ 






9-7-12 

3,303 + 




SK 





- 



13-8-42 

00 




( 

0-7-12 

259 

. 

Medium 

o 

MF 

1 

1 

1 

1 1-9-42 

269 




f 

,>-8-42 

23 


Deep 

10 

1 

r 

1 

7-1-43 ■ 

44 




1 

r 

31-8-42 

2,274 + 






12-9-42 

3,303 + 




1 


;!0-9-42 

2.274 










Bacterial pollution travelled a distance of 10 feet althougli only a few B. coh were 
recovered in only one of 13 chemically polluted wells in that zone. With the forma mii 
of the latrine defences B. coli were recovered less frequently and in smaller numoer . 
Intensity of bacterial pollution was greater in the shallow wells. 

Recovery of chrysomia larvce in wells. — ^During the analysis of water samples from the 
wells an interesting observation was made. Chrysomia larvfe and their capsules - 
present in the latrine soon after seeding began were recovered from some of tlie 5- and lo- 
zone wells. The observations are summarized in Table XXTiL 
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Table XXIII. 


Recovery of chrysomia larvcB and caysides from ivells 
after seeding the latrine. 


Depth of 
strata. 

Distanec in 
feet from 
latrine. 


Wcllb. 

Date. 

Number of 
larva;. 

Number of 
capsules. 



r 

so 

0-8-42 

Xil 

0 




SO 

19-8-42 

Nil 

3 




SO 

, 1-9^2 

5 

6 


t 

1 


sc 

12-8-42 

Nil 

1 


1 

1 

1 

sc 

26-8-42 

Nil 

3 


i 


sc 

1-9-42 

S’ 

4 




sc 

9-9-42 

Nil 

2 




SI 

14-8-42 

Nil 

2 




SI 

21-8-42 

Nil 

2 

Shallow 

5 

f 

\ 

SI 

1-9-42 

-Nil 

3 



i 

} 

.SI 

4-9-42 

4 

0 

- 


} 

i 

SM 

14-8-42 

Nil 

2 




SM 

4-9-42 

Nil 

4 




SE 

16-8-42 

Nil 

2 




SE 

5-9-42 

Nil 

3 




SG 

24-8-42 

Nil 

1 " 




SG 

5-9-42 

O 

2 




SQ 

29-8-42 

Nil 

3 



1 

SA 

5-9-42 

2 

20 



f 

1 

MP 

10-8-42 

Nil' 

2 




ME 

14-8-42 

Nil 

1 




JIF 

21-8-42 

Nil 

3 



i 

MF , 

4-9-42 

4 

12 




ML 

19-8-42 

Nil 

1 

Medium 

!5 

< 







1 

ML 

1-9-42 

1 

1 




ML 

9-9-42 

Nil 

3 




MH 

24-8-42 

Nil 

1 




MH 

9-9^2 

Nil 

3 



1 

Ml 

.5-9-42 

3 

o 



Y 

D21 

.8-8-42 

Nil 


Deep ~ 

in 








1 

D39 

4-9-42 

Nil 

4 
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These larvfe were recovered not, only in wells in the direction of ground-water flowbut 
in wells from all sections of the circles. Jn spile of the ])rcsence of the larvto it is interesting 
to note that many of these wells did j)ot .show any bacterial poUntion. ^ 

Examination of the well .strainer.s at the end of the cxj)eriment revealed that in some 
instances the screens contained holes large enough to permit larva- from tlic latrine to enter 
tlie well. Eggs also may liave been carried .along ilw sfream of flow and may have hatched 
near the well thus allow’ing the cajisules to enter. 


Eiscu.s.sion. 


The present inquiry has revealed a uiiturally high standard of purity of the groundwater 
at the ,site of the experiment in siiite of the shallow (lepth.s at which it was tapped. Lactose 
fermenters were few (from .‘J to S organisms per ],000 c.c. of water) and were for the most part 
of non-foecal origin. B. col) were virtually ah.sent, ^I’lic bacteriological jnirity of the water 
was little affected by seasonal and other environmental factors althougli the number of gas- 
formers decreased somewhat during the jieriod. 

Chemical analyses showed a low organic-matter content of the water in its natural state. 
This was indicated by the amount of albuminoid ammonia present. pH did not vary and 
the water was well bufl'ered by bicarhonates. i\rincrals were jmesent in only small amounts 
and were largely accounted for by carbonates aUd chlorides, Nitrites and nitrates were 
within limits. 


Chemical constituents were affected by scason.al and environmental factors and the presence 
of pollution had to he interpreted in the light of these variations in the natural- state of the 
water. Differences associated with depth were -highly significant .and those due to zone 
and period were also marked. Tlierc was even a wcll-to-w ell variation in the same zone and 
depth. Althougli seasonal trends u'cre marked there were iio conspicuous differences between 
those of the different zones. 


The high bacterial jiurity of the water continued over the tw-o years, iu wells above the 
latrine, although the water table rose to as high as 3 feet below the ground surface. 

These observations indicate that sliallow ivclls 'may not be dangerous from the 
h 3 ’gienic point of view' in this type of soil. ShalloAv wells, properly protected from surface 
pollution, may constitute the solution of the Avater-siqiply ])rob]em in rural India. The high 
cost of deep wells makes tlieir use prohibitive and, furthermore, shallmv ivells have a lower 
mineral content than is found in the deep w'ells of the'plains of India, 

The other important finding in this investigation wms the limited extent of the pollution 
stream entering the gi'ound water from a bore-hole latrine. In a soil medium of sand as 
coarse as 0*2 mm. effective size and 40 per cent pore space .and ivith a ground-ivater slope of 
1 in 200, bacterial pollution did not travel more tlian 10 feet from the latrine. 

In judging pollution, the state of the ground ivater before the latrine was seeded together 
with the seasonal changes rei'ealed liy samples from ivells against the direction of flow ivere 
used as a basis for comparison with changes occurring in ivells lying within the stream of pollu- 
tion flowing from the latrine. 

When water is withdrawn from a well, surroundhig soil water- flows in to re-establish 
equilibrium. The distance affected depends ^on the amount .of water withdrawn, the rate 
of withdraival and the character of the soil, 'and this area is known- as the circle of mflueiice. 
By field experiment- its radius was found to be about 20 feet at this site and the Dn pumps 
were placed so that the latrine was within this range. By pumping 600 gallons each morning 
before sampling, a flow of soil water similar to that induced by the use of a rural village we 1 


was effected. 

Gross B. coli pollution existed 'to "a distance of 5 feet from the latrine and only one ou - 
of 13 wells, in the stream flow showed..mild B. coli pollution iu the 10-foot zone. The flow o 
B. coli occurred after septic action was set up iu the latrine and was intensive over a peno 
of two- months (July-August 1942). Later this organism was recovered less frequently an 
eventually disappeared sho-vsdng its limited dispersion in the soil. Shallow wells were inore 
intensely polluted than the medium or deep wells in spite of the high concentration of B. co ^ 
at the bottom of the latrine. 
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Organic matter indicated by the'rise in biochemical oxygen demand also flowed a distance 
of' 5 feet in a manner similar to iDactcriological pollution except that it was recovered in more 
wells. Lactose fermenters plus a rise in B. 0. D. were always accompanied by intense chemical 
pollution. ' ■ ' ' ^ 

• Chemical products flowed farther than ])acterial and colloidal organic matter and "were 
traced to 15 feet before becoming too dilute to be distmguishable. Lnlilce bacteria, chemical 
products flowed as a continuous belt along the stream with high intensity in the mid-stream 
wells. Shallow wells also showed more chemical jjollution than either medium or deep wells. 
Apparently the flow of pollution is co'nfined to the more fluid regions of the latrine and there 
is little flow downward into the deeper strata. 

The picture revealed by the pollution xecoverj' in wells is similar to that furnished by the 
flow of water through a sand-filter bed. In addition it gives insight into the processes iv situ 
under- the surface of the ground. Due to the grotind-water slope, products from the more 
fluid regions of the latrine are carried along the stream and are filtered as they pass through 
the soil. The extent of flow of bacteria depends on the efficiency of the filtration process. 
The amount of chemical products that emerge is small and eventually becomes too dilute to 
be distinguishable. 

Study of the changes in the bore-hole latrine showed that only a fraction of the added 
excreta was disintegrated and that the septic process proceeded only to the ammonia stage. 
The life of a bore-hole latrine may be extended by removing the sludge as is done with a septic 
tank. In this case there may be an increase in the flow of bacteria for a time, but the same 
defence principle rvill operate and pollution will travel little if any farther than it did in the 
first instance. The situation will be similar if a new latrine is driven in the neighbourhood 
of the original one since the defence mechanism has already been established. 


SxjGGE'STIONS FOR CHOOSIXG A SITE FOR A RORE-HOLE LATRINE IN PROXIMITY 

TO A WELL. 

- The flow of ground water will follow roughly the slope of the land especially if the dip 
is toward a stream bed. The following suggestions are offered regarding the choice of a site 
for a bore-hole latrine : — • • 

1. If space permits, the latrine should be placed on the slope below the well. 

2. If the latrine must be placed above the well, a hole should be put down to ascertain 
the type of soil at a depth equal to that of the proposed latrine. 

3. If soil at that depth is composed of sand with an effective size of 0-2 mm. orless.-the 
latrine may be placed as close as 20 feet to the well. 

4. If the sand is as coarse as 0-3 mm. effective size, the latrine should be placed 50 feet 
away. 

5. If sand coarser than 0-3, mm. effective size is found, a careful study should be made 

before the latrine is placed. ' 

6. If the soil is composed of clay, a distance of 20 feet is sufficient. 

The only equipment necessary for obtaining soil samples is a post-hole auc'er and three 
standard sieves witli meshes from 0-179 mm. to 0-35 mm. ° 


SUJIMARY. 

An investigation of the nature and extent of pollution flowing from a bore-hole latrine 
into the ground water was made at a site in West Bengal, India, during the period 
from September 1940 through April 1943. Preliminary studies were made of soil conditions 
and the direction of ground-water flow and velocity were determined before the experimental 
field was completed and routine sampling of wells begun. The results of the investigation 
may be summanzed as follows : — ° 

A. Natural status of the ground voter prior to seedivg of the latrine :~ 

n,.r 1 studies showed a concentration of lactose fermenters of from 3 to 8 

per 1.000 c.c, of wa,tcr. filniost wliolly of Don-fajc<il origin, 
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2. ChemicP.1 aiialyfies were marln for pll, conductivity, olilorides, acidity, different forms 

of aumionia and B. 0. i>. Chemical constituents of the water varied significantly at different 
depths, zones and seasons. ‘ ' ■ 

3. Water samples from wells above the latrine and from those not in the immediate 
direction of flow were examined at intervals throughout the period and the results used as 
an indication of the normal state of the ground water, 

B. Polhition Jloio following seeding of the latrine : — 

1. The latrine was seeded with two gallons of night-soil on 330 days between November 
19il and April 1943. Septic action began in March 1942, and continued thereafter with 
nndiminished vigour. The septic jwocc.ss only reached the ammonia stage. Only a fraction 
of the excreta added was disintegrated and at the close of the experiment there was a 2-foot 
column of sludge iu the latrine. 

2. Boutine obsenmtions were made of meteorological and ground-Tvmter conditions. 
Annual rainfall ranged from 40 to SO inches, and the maximum slope of the water-table was 
1 in 200. Effect of seasonal changes on biological decomposition in the ground •water was not 
pronounced. 

3. Experiments on the true and false water-table near the latrine showed that the 
differences -W'ere not large enough to affect the flow* of pollution. 

4. Six hundred gallons of w'ater w’ere pumped daily from wells situated 20 feet from 
the latrine in the direction of flow to simulate conditions of use of a village w’ell. 

5. Bacteriological pollution was recovered in W'ells 10 feet from the latrine with large 
numbers of B. coli found in w'ells in the 5-foot zone over a period of twm montlis. Numbers 
diminished later and the organisih wms virtually absent during the final period. 

(). Chemical pollution fiow'cd wdth the stream to a 'distance of 15 feet. It was more 
intense in shallow than in medium or deep w'ells and wm_s characterized by increase in conducti- 
vity, alkalinity, chlorides, acidity and ammonias. Nitrogenous products accounted for only 
a fraction of the pollution recovered. 

7. Organic matter indicated by the 5-day test for B. 0. P. w*as reco^’^ered in the 5-foot 
zone. It wms probably colloidal in nature and' was filtered out beyond that point, 

8. Conductivity proved to be the most sensitive and hence the most satisfactory test 
for tracing chemical pollution. 

9. Chrysomia larvae and their capsules w'ere recovered froln wells in the 5- and 10-foot 
zones where screens were damaged. They w*ere found not only in wells in the direction of 
flow but all around the latrine. 
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STUDIES ON THE DESTRUCTION OF VITAMIN A* 

IN SHARK-LIVER OIL. 

Part III. 

• RELATION BETWEEN VTTAIMIN A DESTRUCTION AND PEROXIDE 

NUMBER. 

BY 

S. DATTATREYA RAO. 

{An Inquiry under the Indian Research Fund Association.) 

(From the Deyarlment of Biochemistry, Indian Institute of Science, Bangalore.) 

[Received for publication, August 8, 1944.] 

Fridericia (1924) and Powick (1925) established that rancid fats destroyed vitamin A 
and suggested that the destruction might be due to organic peroxides. This theory has been , 
confirmed by subsequent work (Rosenheim and Webster,- 1926 ; Wokes and Willimott, 1927 ; - 
MTvipple, 1936 ; Lowen ct al, 1937 ; Smith, 1939). Further, Simons et al._ (1940) found 
that the percentage of vitamin A oxidized in fish-liver oils at various peroxide values -was 
independent of the initial concentration of the vitamin. Lease et al. (19.38)_ observed that 
the destruction of the vitamin in rancid fats by peroxides would continue within the stomach 
of the rat during the bio-assay. In this paper the relation between the peroxide number and 
the vitamin A destroyed in shark-liver oil when exposed to air in thin layers at different 
temperatures has been studied. 

In the oxidation of fats and oils exposed to air. if the peroxide number is plotted against 
time, a curve of sinuous character is obtained which is characteristic of an autocatalytic reac- 
tion. During the first period (induction period) the formation of peroxides is slow, and this is 
followed by a period of rapid peroxide formation. The lengths of the induction periods' of 
various oils under similar experimental conditions give an indication of the relative suscepti- 
bilities of these oils to become rancid. Orson Bird (1942) has found a relationship between 
the stability of various liver oils under actual storage conditions and the induction period. 

Experimental. 

Two C.C.. of the sample of shark-liver oil were pipetted into several clean, uniform, flat- 
bottomed specimen tubes of diameter 2‘2 cnu and height 5’0 cm., care being taken to avoid 
smearing of the oil on the sides of the tubes. They were then set aside in a dust-free chamber 
or in a constant temperature incubator maintained at the required temperature. At recorded 
intervals three tubes were taken out and individual determinations made immediately on 
the peroxide number and vitamin A content, the mean values being taken for graphical 
representation. The oil used in this experiment had an acid value of'’2-52 mg. KOfl perg. 
and a vitamin A content of 4,400 1. U. per g. o R &• 

The peroxide number was determined essentially as suggested by Wheeler (1932) and 
e.xpressed in term^of millimols of oxygen per kg. of oil : and vitamin A was estimated' bv 
the Carr-Price reaction using the Pulfrich photometer with filter S.61 (Dattatreya Rao, 1944)! 

^ The accelerated tests were carried out at room temperature (20°C. to 25°C.), 40°C. ± 0‘5 
50°0. ± 1, and 100°C. ± 2 and the results are shown in Gr.aphs 1 to 3 and Tables I to IV " 

It was observed that during the test the exposed oils gradually got decolorized and the 
lishy odour was replaced by a sharp odour. 


Discussion. 


The nates of iormation of peroxides and of destruction of vitamin A at various temnera- 
Thtrciirves for the destruction pf the vitamin with time (Graph 2) 

;SSenumbT(^^^^^^^^ -^-kedly than those fJr the 
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Tabt.r T. 


• Tablk II. 


I^vclopiiicKf of pcrorides and dcatniclion - Develop men I of pcro.videa and dcblmc- 

of vitamin A at room tetnpcratnre lion of-vitamin A at 

(20°C'. to 25°a). . 40°a 


Period of 
storage, 
honrs. 

t 

Peroxide 

niiinber. 

Vi tn III in .A 

J cm. 

Losq in 
vitamin A, 
per cent. 

Period of 
storage, 
hours. 

Peroxide 

number. 

Vitamin A 

1 cm. 

Loss in 
vitamin A, 
per cent. 

n 

n 

4-84 






24 


. , ^ 

. . 

0 

0 

4-84 

•• 

48 

o-n 

. • 

. • 

4r> 

lfl-0 

, . 

• , 

■92 

12-0 

* * 

. 

94 

20-4 

4 -.33 

10-S 

140 

18-.'; 







188 

2:i-.'5 

4-71 

2-7 

1)7 

;?S'0 

. 3-03 

25-0 

240 

.lo-o 

4 -On 

• (i'O 

142 

fiO-G 

.3'IS 

. 34-3 

204 

.“lo-o 

4-44 

8-;) 

190 

77-0 

2 -59 

46‘5 

;i3G 

07-0 

.'1-29 

34 -0 

2.37 

97'5 

2-19 

54-7 

480 

108’0 

2*42 

\ 

GO-0 






Q'able III. 


Table IV. 


Development of peroxides and destmclion Development of peroxides and destruction 

of vitamin A at 50°C. of vitamin A at 100°C. 


Period of 
storage, 
lioiirs. 

Peroxide 

number. 

Vitamin A 

“ 1 cm. 

Loss in 
vitamin A, 
per cent. 

Period of 
storage, 
liours. 

Peroxide 

number. 

Vitamin A 

♦21 ^ % 

^ 1 cm. 

Loss in 
vitamin A, > 
per cent. 





0 

0 

4-84 


0 

0 

4-84 

, , 





* 




1 

4-9 


. ♦ 

24 

10-0 

4-68 

3-3 

2 

8-5 

4-40 

8-4 

, 48 

28-3 

3-80 

21-5 

4 

10'5 

3-96 

18-2 

72 

63-5 

2-86 

41-0 

8 

11-0 

3-08. 

36-4 

96 

GG'O 

2-47 

49-0 




56-8 





14 

8-3 

2-00 

144 

86-5 

r74' 

G4-0 

24 

8-5 

1-7G 

61 -C 

192 

90-0 


> ■ 

72 

6-8 

i 

1 

265 

91-0 


, , 








' 

192 

0-6 




- 


■* 



. 


' 

1 cm. 

can be converted into I. U. per g. 

by multiplying 

with file factor 910, 

i 
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Simons ct ah (1940) suggest, tlint Iwn rencl.ions are involved in tlie destruction 
of vitamin A, viz, first t.hp formation of llie ])croxidcs from tlie unsaturated glycerides and 
secondly their decomjiosition witli the .simultaneous oxidation of the vitamin. It may be 
seen from Graphs I and 2 that the .second reaction appeared to be almost as fast as the first 
at 100°C. so that thei'C was up accumulation' of peroxides though the vitamin was destroyed 
in a very short time. At lower temperatures, however, the peroxide number increased 
gradually. The destruction of vitamin A was more rapid after the termination of the induction 
period just as was observed by Lowen cf ah {loc. cif.) in halilmt-liver and salmon oils. 

Wiipple (loc. cH.) 3’cported that rancidity jiroduccd artificially at 100°C. in cod-liver oil 
was different from that jiroduced under normal conditions of storage since the vitamin 
was destrojmd at lower peroxide values in the latter. The peroxide number of oils kept in 
stoppered-bottles does not generally rise to a high figure and the rate of its development is rather 
erratic since there is no free access to at.mosphcric o.xygcn which may explain Wliipple’s 
observations. The curves in Graph 3. liowcvcr, .indicate that under the same experimental 
conditions at different teiujicratures, tlie destruetion of vitamin A per unit increase in 


Grapit 3. 



peroxides was greater at a higher temperature. Peroxides are intermediary^ 
in the gradual oxidation of glycerides. They are unstable and the estimated p . 
number gives only tlie difference between the peroxides formed and those Iqj 

amount destroyed which cannot be measured and wliicli is supposed to be A 

the oxidation of the vitamin may liear a strict correlation to the amount of vi 
destroyed. 

Summary. 

The rates of development of peroxides and of destruction of \dtamin A at various 
tures are different. The vitamin is destroyed very rapidly after the termma.io ^ 
induction period, h'lore of vitamin A is destroyed for the same peroxide number a o 
temperature, __ 
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STUDIEvS ON THE DESTRUCTION OF VITAMIN A 
- IN SHARK-LIVER OIL. 

Part IV. 

CATALYTIC ACTIVITY OF JiIETALS. 

BY 

S. DATTATREYA RAO. 

{Aoi Inquiry under the Indian Research Fund Association.) 

■ {From ike Deparlmcni of Biochemistry, Indian Inslitute'of Science, Bangalore.) 

[Received for- publication, August 8, 1944.] 

Certain metals are more active tlan others in hastening the development of rancidity 
in fats and oils. Emery and Henley (1922) determined the time required for some oils to 
develop a rancid odour and a positive Kreis reaction in the presence of various metals. They 
found that the most effective catalyst was copper and the least effective aluminimn. Royce 
(1933) studied the effect of copper on the fading time of methylene blue incorporated in cotton- 
seed oil, Brocklesby (1941) classified the metals having a pro-oxidative effect on pilchard 
oil (a semi-drying oil) in the following order of activity cobalt, manganese, copper, iron, 
cerium, magnesium, aluminium, zinc and lead ; while nickel, tin, cobalt-steels and nickel- 
chromium-steels had little effect. 

King, Roschen and Irwin (1933) studied the influence of various metals both in the 
dissolved form and in the undissolved form on the induction period of lard ®rated at 208°E. 
The order of activity of the stearates of the metals dissolved in the fat was as follows : 
copp'er, manganese, iron, vanadium, chromium, nickel, zinc, aluminium,, lead and tin. But 
the-order was different when they were added in the form of sheets of equal area : copper, 
lead, zinc, tin, iron, aluminium. Both copper stearate at as low a concentration as 0'3 
parts per million and the copper sheet independently reduced the induction period to 
one-sixteenth that of the original lard. 

hlattill (1 927) observed that the oxidative destruction of vitamins A and E was hastened 
by the catalytic activity of ferrous iron. 

The effect of a few metals commonly used as materials of construction, on the destruc- 
tion of vitamin A and development of peroxides in shark-liver oil has been studied. 


Experimental. 

vSince it was diflicult to obtain some of the metals as sheets, they were added to the oil' 
in the form of a uniform powder, the method of determining J;he comparative catalytic 
activity being the same as usual. Filings of different metals were prepared with the same 
-file and only particles of size between 60 and 80 standard mesh were used so that the average 
particle size of each metal was as uniform as possible. Hence the total surface area of a 
definite volume of the filings from the different metals may be considered to be practically 
the same. 

The metal filings were taken separately in a 5 c.c. standard flask and paclced up to the 
mark by gently tapping five times and their weights determined. They were later weio-fied 
out into a number of specimen tubes (2 "2 cm. diameter and 5 cm. height) in the proportion 
of these weights (Table I). The volume of the powder in each case worked out to be 0'077 c.c. 
Reilly and Rae (1940) suggest an alternate method where the volume of a definite weif^ht of 
the powder is determined by displacement of a liquid which is then measured ; but this nfethod 
was not adopted since there is a chance of air bubbles getting entrapped in the powder. 

The powders were cleaned by dilute hydrochloric acid, followed by distilled water and 
dried ni vacuum. They were used within 15 minutes after the cleaning to avoid the formation 
• of oxidized films. 
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Table I. 


Meta!. 

Weight ol' .'! c.c. 
of the tilings, 

g. 

Wci^lit of the 
filings used for 
the experiment, 

P- 

Aluminiiim (Al) 


6-.UH 

0-J 

Zinc (Zn) 

• • 

S-TCG 

0-135 

Tin (Sn) 

• • 

10-20 

0-157 

Mild steel (M.S.) 

• • 

13-.31 

0-205 

Stainless steel (S.S.) 

• • 

16-52 

0-239 . 

Nickel (Ni) 

« « 

17-7D 

0-274 

Cop])cr (Cn) 

« • 

10-09 

0-291 


Two c.c. of sliark-liver oil [same sample ns the ojm used in Part III of this series 
(Dattatrcya Rao, 1945, p. 63, this issue) ] were pipetted into each of the tubes containin 
the different metal filings and the tubes were kept in the incubator at 40°C. Periodically 
three tubes from each lot were taken out and vitamin A content and peroxide number 
determined individually as before. The mean of the readings are presented in Table II 
and Graphs 1 to 3 : — 

Table II. 


Catalytic influence of metals on the development of pero:sAdes and 
destruction of vitamin A at 40°C. 


Metal. 


Period of 
storage, 
hours. 

Peroxide 

number. 

Loss in 
vitamin A, 
per cent. 



0 

0 

» . 



43 

- 11-p 

8-0 



91 

32-6 

22-6 

Zinc C.P. 

' ' * 

139 

67-0 

38-0 



146 

69-6 

■ "40-0 



187 

120-0 

55-0 



43 

15-8 

' 10-0 


e 

91 

41-8 

27-6 

Aluminium C.P. . , 

• • ' 

139 

86-S 

4G-0 



187 

157-0 

62-6 
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. Table II — conoid. 


Metal. 


Period of 
storage, ■ 

Peroxide 

number. 

Loss in 
vitamin A, 

- 


hours. 

per cent. 



24 

1 

7*0 

. . 



48 

16-9 

12-0 

TinC.P. 


72 

29-5 

. 20-0 



120 

67-5 

39-0 



168 

128-0 

57-0 



22 

8-6 

. . 



46 

19-6 

13-0 

Stainless steel (Fe, Cr and Ni) . 


70 

36-0 

23-0 



94 

60-0 

36-0 





' 


144 

125-0. 

56-5 

1 

r 

43 

23-5 

15-5 



72 

50-0 • 

32-0 

Nickel C.P. . . « j 






i 

91 

* 

72-2 

41-0 



139 

130-0 

67-5 



22 

11-0 

» . 



46 

26-0 

18-5 

Mild steel . . . . . 


62 

46-0 

30-0 



94 

89-3 

46-5 



144 

160-0 ' 

63-0 


• 

24 

12-5 

13-0 

1 


48 

26-3 

31-0 






Copper C.P. . . . . ^ 


72 

" 26-0 

40-0 



97 

12-5 

61-3 



121 

4-3 

. *• 



169 

3-S 

•• 



45 

iq -0 




96 

26-4 

10-3 

Control-oil only curve C , . • 

1 

117 

3S-0 

25-0 

' 


142 

50-5 

. 34-3 



190 

\ 

77-0 

40*5 


■ 

237 

97’5 

54-7 
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Percentage of vitamin A destroyed. 



0 



it was olDserved that after about two days the oil containing the copper became steeh 
due to some of the metal dissolving in it. It is possible that the other metals also dissolved 
m the oil to a certain extent. 

It is seen from Graph 2 that the induction period for the destruction of vitamin A was 
eliuunated by all the metals, the rate of oxidation being high right from the start. 


Graph 3. 



Discussion, 

All the metals which have been tested were p>ro-oxidants and they may be classified m the 
following decreasing order of activity : copper, mild steel (iron), nickel, stainless steel 
and Fe), aluminium and tin, and zinc. Aluminium and tin were almost equally active. lae 
order remains the same with respect to peroxide formation also, the only exception being 
copper. In the presence of copper the peroxides did not accumulate in ' shark-hyer oU, 
nevertheless the destruction of vitamin A was fastest, the condition being similar to tne 
oxidation of the oil at 100°C. {vide part III, p. 66, this issue). 

It may be seen from curve A, Graph 3, that whatever the metal catalyst may be, the 
percentage of vitamin A destroyed at any peroxide value is the same since all the pomts ie_ 
on a line. If, as suggested before, two reactions are involved in the destruction of vitamm > 
the ratio of the rate of the first reaction (formation of peroxides) to the rate of the secon 
reaction (decomposition of the peroxides with the simultaneous oxidation of the vitamm 
appears to be the same with all th'e metals except copper ; but this ratio is dift’erent from t a 
of the original oil. s 
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■ AVitli copper the second reaction becomes faster than the first after a peroxide number 
of 25, so that the net peroxide oxygen decreases (Graph 1). This peculiarity of the reaction 
at 100°O. and in the presence of copper has not been observed with lard and some vegetable 
oils b}'^ other workers (King, Eoschen and Irwin, 1933, 1933r/). 

The order of activity of the metals reported by different authors is not the same. The 
rate of a catalytic reaction depends on a variety of factors including the presence or absence 
of promoters, presence or absence of catalytic poisons, surface arrangenients in the metals, 
total surface area, and number and area of the catalytically active patches on the surface. 
Variation in these factors may result in a different order for the. same metals. The nature of 
the oil also may have some influence on the order. However, there is no dift’erence of opinion 
regarding the high cataljflic activity of copper. 

Among the metals studied zinc appears to be the least active and, hence, this metal is to 
be preferred in the manufacture of equipment for the processing and storage of shark-liver 
oil. Tin an'd alunlinium are next in the order of preference, the catalytic activity of both 
being almost equal. 

Summary. 

All the metals tested had a pro-oxidative effect on shark-liver oU, the order of the metals 
being ; copper, mild steel, nickel, stainless steel, aluminium and tin, and zinc. Aluminium 
and tin had almost the same activity. At any peroxide number the percentage of vitamin A 
destroyed is the same with all metals tested excepting copper. In the oil kept at 100°C. 
there was no accumulation of peroxides in the presence of copper. • 

The author thanks Mr. B. N. Banerjee and Professor V. Subrahmanyan for their kind 
encouragement and keen interest in the work. 
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Macdonald and Bose (1942) demonstrated that the feeding of a typical BengaU village 
diet to youncf rats resulted in very unsatisfactory growth and poor health. The addition of 
eugs to the diet proved very heneficial but still better results, were obtained by a further-^ 
supplement of calcium.' A diet consisting of 100 parts Bengali diet plus 50 parts eggs, 
supplemented with 0‘5 per cent egg shell gave as good results as a good stock diet. A soya- 
bean supplement, though beneficial, proved interior to eggs but a diet consisting of 100 parts 
Bengali diet plus 25 parts eggs plus soya was only slightly inferior to the stock diet. Addition 
of calcium to the soya supplemented diets had no beneficial value. As a diet consisting of 
100 parts Bengali diet plus 12 par^s of egg plus soya proved only slightly inferior to diets 
containing higher proportions of eggs, the authors^ on economic grounds recommended this 
diet as suitable for children of seven years. In view of the conflicting literature in regard 
to the palatability and value of soya-beans in the human diet (Ukil, 1941 ; Pal, 1939), 
experiments were carried out to study the supplementary value of eggs and the various 
common pulses which have long formed part of the human diet in India. 

Experimental. 

As in the previous work, the basal diet selected was that of the small agriculturist in 
the district of Dinajpur (Mitral 1939). The composition of this Bengali diet is given in Table I. 
The quantities given correspond to the daily intake in ounces per adult man. 

Table I. 


Bengali village diet (daily iniahe in ounces). 


Rice. 

Pulses. 

Leafy 

vegetables. 

Potatoes. 

Brin ja Is. 

Torni. 

Mustard 

Common 

salt. 

Fish. 

25-0 

0-4 

0-2 


l-7o 

1'75 

0-3 

0-1 

0-7 


The technique followed was similar to that used in the previous investigations (Macdonald 
and Bose, loc. cit.). In each experiment, two male and .two female foujr-week-old rats were 
fed on the experimental diet for a period of ten weeks. The groups were balanced as regards 
weight and breeding and the males and females were caged separately. The food mixtures 
were cooked for half-an-hour on the water-batli. in order to duplicate the human diet as 
closely as possible. Distilled water was given to drink and used for malriug up the food. To 






avoid underfeeding t, lie amounf.S'fcd were regulated so that a small qua ntifrv remained in 
tne feeding cups each morning. The composition of the diets used are given in'Table II;— 


Table JI. 


Composition of the diets. 


Xiimbcr. 

llifl. 

f'om[ifHi(inn. 

1 

B 

100 |)nil.‘i Bengali diet. 

2 

B -p csq; 

G.'l'fl parts Bengali diet pfif.t .30’1 pnit.s egg. 

3 

B -f soya 

84 "2 p.arf.s Bengali diet IDS pnrt.s .coya (Gli/cinc Soja Skb). 

4 

B gram 

fl4'2 jinrts Bengali diet ptm :i5‘S pnrt.s grnm (C'lVfr nrklmum). 

. r, 

B -p green grain . . 

G8'4 pnrt.s Bengali diet phis 31 ‘0 parts green grnm (PJiasrolvs mnigo). 

(5 

B + red lentil 

OS’l parts Bengali diet plus 34‘D parts red lentil (Lens csciitenla). 

7 

B -}- red grnm 

01 "9 parts Bengali dictp/iM 38‘1 parts red gram (Cajnmis cajan). 

8 

B -f groundnut (fried) 

76‘8 parts Bengali diet plus 23*2 parts gronndmit (Arachis giganfea). 

9 

(lOOB + 12E) eoyn 

88*2 parts (100 parts Bengali dictpli/a 12 parts egg) phis 11 *8 parts 
soya. 

10 

(lOOB -p 12E) -p gram 

71*7 parts (lOOB 12E) phis 28*3 parts gram. 

11 

(lOOB -h 12E) -}- green grnm 

70*6 parts (lOOB + 12E) phis 23*4 parts green gram. 

12 

(lOOB -}- 12E) + red lentil . . 

73*8 parts (lOOB -f 12E) phis 26’2 parts red lentil. 

13 

(lOOB + 12E) + red gram . . 

71*0 parts (lOOB + 12E) plus 20*0 parts red gram. 

14 

(lOOB -f 12E) + groundnut .. 

83*3 parts (lOOB -I- 32E) phis ]6*7 parts groundnut. 


The protein levels of the supplemented diets (Nos. 2 to M) were kept constat at 
13-7 to 13'8 per cent of crude protein on dry matter basis. Slonaker (1931) showed that' 
the best growth results in young rats were obtained from a diet with 14 per cent protein. 
This level of protein also gave the greatest fertility and the longest reproductive span. 
Table III gives the chemical composition of the various diets. 

Numerous workers have show-n that too great a discrepancy between the calcium and 
phosphorus contents leads to growth disturbances. From work on rats, Simmonds (1924) 
and Kramer and Howland (1932) recommend a Ca : P ratio of 1 : 0’63 and 1 : 0'66 respectively. 
Workers, however, agree that the permissible range of variation depends on the vitamin D 
content and that, with optimum amounts of this vitamin, rats can thrive on diets with much 
wider ratios than those quoted above. Judged on these standards, the.Ca: P ratios of all 
the diets were very wide but they were narrower in the case of soya-supplemented diets than 
with the other diets. As none of the rations appeared to have adequate amounts of calcium, 
duplicate diets were made up from each diet by adding 0'5 per cent ground egg shell, so as to 
raise the calcium contents by about 0’19 per cent. The total number of experimental diets 
thus amounted to twenty-eight. In the calcium-supplemented diets, the Ca : P ratios ranged 
from 1 : 0'66 to 1 : 0'86. The rats were protected against vitamin T> deficiency by exposing 
them to dii-ect sunshine for a period of 45 minutes every alternate morning. 


On account of seasonal variations on the rate of growth, it is always desirable to carry 
out all experiments at the same period. Although this was- not possible in this extended 
series of experiments, the results are comparable, as each experiment was designed so as to 
include a positive control (B + egg + Ca) and a negative control (B). No marked seasonal 
variation was observed in experiments carried out from October to April. 
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Table III. 

Percentage mnposilion of the diets. 


/ 





(lOOIi + I2E) + <Tromi(Imit .. 21-8 10'7 9-3 1-40 , .'iC’S 7-3 3(i3 0-038 
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Growth results. . 

Zucker, Hall, Young and Zuclcer (]9'il) and Zucker and Zuckcr (3943), from experiments ' 
on rats on good stock diets, observed that the growth curve could be put into a straight line 
form if the logarithm of the weight is plotted against the reciprocal of time in any appropriate 
units. They found that dietary deficiencies resulted in sid^-optimal growth curves, the 
.shapes of which were characteristic of the deficiency concerned. For instance, with a moderate 
protein deficiency, the curvilinear log-reciprocal plot tended to approach the optimum growdh 
straight, line at' later stages of growth. This is attributable to decreasing protein 'require- 
ments in older animals. On the other hand, dietary requirements such as thiamine, which 
increase wdbh age, caused an increasing departure from growdh normal as time went on. 
Differences of genetic origin -had no effect on the shape of the grow'th curve and means 
of different body sizes could be plotted as parallel straight lines. 

In this investigation, the growth results have been recorded as the log-reciprocal plots 
in order to facilitate interpretation of the data and for comparison of the results. As the 
result obtained in each experiment were very similar for each of the diets, the combined 
average growth results of the male and fonale rats on each diet are given in Graphs 1, 2, 3 
and 4. In order to avoid over-crowding, the curves in each graph have been separated into 
twm groups, each of which is plotted with a separate weight scale and origin. The average 
weekly gains iq weights in grammes made b}’’ the rats on the different diets during the ten 
weeks’ experimental period are given in Table IV ; — 


Table IV. 



Average 

weeJdy gains in 

weight in g. 






Maue. 

FEUAnE. 

Namber. 

Diet. 


No calcium 
supplement. 

» 

With calcium 
supplement. 

No calcium 
supplement. 

With calciuni 
supplement. 

1 

B.. 


3-C 

4-0 

• 

3*3 

3'4 

2 

B -{- egg 


13-1 

17-2 

9-9 

13-1 

3 

B -h soya 


8-9 

8-8 

7-9 

8-0 

4 

B -f- gram 


6-4 

11-7 

,6-3 

10-2 

6 

B -f- green gram 


6-3 

10-9 

5-0 

10-3 

6 

B -f red lontil 


4-3 

8-8 

4*1 

6-9 

7 

B -}- red gram 


4-7 

8-1 

4-8 

7-0 

8 

B -p groundnut 


6-8 

9*0 

5-1 ' 

G-8 

9 

(lOOB -P 12B) -f soya . . 


13'9 

13-8 

9-7 

9-8 

10 

(lOOB -f 12E) -f gram . . 


10-8 

00 

8-6 

11-2 

11 

(lOOB -f- 12E) -f- .green gram 


IM 

14-6 

8'6 

11-6 

12 

(lOOB -f 12E) -f red lentil 


8'7 

12-2 

7-5 

9-5 

13 

(lOOB -p 12E) -f red gram 


10*0 

10-6 

8-6 

9-8 

14 

(lOOB + 12E) + groundnut 

- ' 

9-1 

11-0 

7-2 

8-6 


The figures in Table V have been calculated on the basis of Aykroyd’s (1938) Indian 
standards for school children aged 6 to 9 years. The weight in grammes and the calorific va 
of each diet necessary to give a protein intake of 60 grammes per day has been caloularea. 
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The -number of eggs with internal contents weighing 45 grammes and the weights of the 
various supplements required are also given for each of the diets. 

Table V. 


Calculated diets to give a dmly protein intahe of 60 grammes. 


Diet. 

Consumption 
in g. 

Calories. 

Number of 
eggs required. 

Pulses 

required in g. 

B ...^ .. 

1,000 

3,280 

5-8 


B -P egg 

723 

1,923 

• • 

B -f soya 

536 

1,865 


85 

B -b gram 

522 

1,817 


187 

B -p green gram 

522 

1,775 


165 

B -P red lentil 

526 

1,783 

•• 

184 

B + red gram 

ol7 

1.753 


197 

B -p groundnut 

522 

2,078 

•• 

121 

(lOOB -P-12E) -P soya 

561 

1,851 

1-18 

66 

(lOOB -P I2E) -p gram ". . 

556 

1,829 

0-95 

157 

(lOOB -P 12E) -p green gram . . 

556 

1,790 

1-01 

130 

(lOOB -p 12E) -p red lentil 

561 

1,806 

0-99 

147 

(lOOB -P 12E) + red gram 

650 

1,793 

0-93 

160 

(lOOB -p 12E) + groundnut . . 

561 

2,036 

1-11 

' 94 


Discussion. 

It will be seen from the graphs that the rats fed on the Bengali diet grew very unsatis- 
factorily and the logarithms of their weights when plotted against the reciprocals of time 
showed an ever-increasing departure from the normal straight line. The addition of calcium 
as ground egg shell though it improved the Ca : P ratio had very little beneficial effect 
as the diet still remained poor in protein and vitamins, all of which are limiting factors 
for growth. 

With eggs as the sole supplement to the Bengali diet, the best results were obtained with 
a diet containing 63'9 parts Bengali diet plus 36’1 parts eggs. The log-reciprocal plot of 
the results on this diet only showed a slight departure from the normal line. The addition 
of calcium in the form of egg shell improved the (B egg) diet and the log-reciprocal plot 
of the growth results gave almost a straight line indicating a well-balanced diet. 

Supplements of soya-beans, gram, green gram, red lentil, red gram and groundnut to 
the Bengali diet proved beneficial as regards growth but they all proved markedly inferior 
to the_ egg supplemented Bengali diet. The nutritive value of the supplements stood in the 
following descending order of merit — soya-beans, groundnut, gram, green gram, red gram 
and_ red lentil. No benefit was obtained by adding calcium to the (B -f- soya) diet, but 
calcium proved beneficial when fed with all the other supplemented Bengali diets. In these 
groups gram and green gram gave the best results, soya-beans and groundnut were appreciably 
lower in value, while red lentil and red gram gave the poorest results. 

Supplements of soya-beans, gram, green gram, red lentil, red gram and groundnut 
proved much more effective with the (lOOB -b 12E) diet than with the Bengali diet only. 
The nutritive values of these vegetable protein-rich supplements when added to the (lOOB 
-b 12E) diet ranged themselves in the following descending order — soya-beans, green gram, 
gram, red gram, groundnut and_ red lentil. All the rations, except the soya one, were 
improved bj' the addition of calcium in the form of egg shell. With calcium supplements, 
the (lOOB -b 12E) diet supplemented with green gram and gram gave even better results 
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than the _(B -}- egg) diet hut slightly inferior rcsulls than the (J3 egg) diet supplemented 
with calcium. The (lOOB -f- 12E) diet sujiplemcnted witli soya also gave slightly better 
results than the (B + egg) diet. Red leiitil. red gram and groundnut as supplements to 
the (lOOB + 12R) + Ca diet in order of merit, proved somewhat inferior to the (B 4- 
egg) diet. 

■\Anien no calcium was added to the diet, the soya-beau supplement proved definitely 
superior to the other vegetable protein .supplements either as the sole protein rich supple- 
ment to the Bengali diet or in combination with the Bengali diet and eggs. However, when 
calcium was added, supjdements of green gram and gram both proved superior to the soya- 
bean supplement. The necessity of including calcium along with diets containing considerable 
amounts of vegetable proteins is of very considerable practical importance from the human 
nutritional aspect for, in many areas, the amount of calcium in the diet must lie somewhat 
deficient owing to low consumption of calcium-rich foods, such as milk and greens. It would 
appear that one of the advantages in using soya is that it is comparatively rich in calcium 
but if this necessary element is made good through sOme other source even better results are 
obtained with green gram and gram. 

The Bengali diet alone is very unsatisfactory from the nutritional aspect for, in order to 
get the requisite amounts of GO grammes protein for children aged 6 to 0 years, the total 
amount of food consumed and its calorific value arc much in excess of requirements. The 
Bengali diet -f- egg. especially when supplemented with calcium, gave excellent growth 
results but this type of diet is impractical as the optimum supplement of 5'S eggs (internal 
content 45 g.) per child is beyond the means of the average family, income. 

From the economic and nutritional aspect, the Bengali diet phis an egg a day phis the 
requisite amounts of pulses can therefore be recommended as satisfactory for growing 
children. 

' Summary. 

1. A typical Bengali village diet gave very poor growth results, when fed to rats. 

2. Eggs as the sole protein supplement to a Bengali diet gave good gxwth results but 
even better results were obtained with eggs phis calcium. 

3. Supplements of soya-beans, gram, green gram, red lentil, red gram and groundnut 
to the Bengali diet, all improved the growth rate but proved inferior to eggs. 

\ 4. The addition of calcium in the form of egg shell to the various vegetable protein 
supplemented diets had a beneficial effect on all the diets except that_ containing soya- 
beans. With a calcium supplement, green gram and gram proved superior to soya-beans. 
Green gram, gram and soya all proved superior to red gram, groundnut and red lentil 
supplements. 

5. In the absence of a calcium supplement, soya-beans as the sole protein supplement 
or in combination with egg proved superior to the other vegetable protein supplements.^ 

6. Better results were obtained with all the vegetable protein supplements in combination 
with eggs than when fed alone. 

7. From the purely economic aspect gf human nutrition good results should be obtaine 
with children from 6 to 9 years on a Bengali diet supplemented with one egg a day and tue 
necessary amount of pulses to bring the protein level of the diets to 60 grammes per day. 
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Introduction. 

IViTH the meat-eating section of the population goat-meat is a very popular article of 
diet in Bihar. The consumption of buffalo-meat is usually confined to the poorer section of 
the ilohammedan community, whereas beef is taboo to the Hindus but is consumed by 
the Mohammedans, Christians and aboriginals. The biological value of beef muscle has 
been determined in other countries but that of goat or biiffalo-meat has not so far been 
assessed. In the present investigation an attempt has been made to estimate the biological 
value of the proteins of muscle meats of cow (beef), buffalo and goat by the balance- 
sheet method. 

/ 

Experimental. 

All the three kinds of meat were purchased from local butchers and the muscle meat was 
separated from the bones and cleaned of the fascise as far as practicable. Enough of each 
sample was purchased to last throughout the experiment. The cleaned sample of muscle 
was dried over a water-bath, powdered and stocked in big glass-stoppered bottles and stored 
in the refrigerator for use. After the experiment with one type of meat was finished the next 
t 3 ^e was purchased and similarly treated and stored. The meat powders were never .stored 
for.more than a week before the feeding experiment was actually started. 

On analysis by chemical methods 100 g. of each of the three samples of meat powder 
were found to contain the following ; — 




Cow, 

cr 

C“* 

Buffalo, 

'C* 

Goat, 

JT, 

Moisture . . 

- 

4-83 

4-50 

2-60 

Nitrogen . . 

•• 

1303 

12-96 

11-37 

Ether extractives 


5-85 

4-49 

19-82 

Mineral matter 

.. 

4-25 

5-20 

4-20 

Carbohydrates by diBerence 

•• 

3-58 

4-86 

2-33 


The comparatively low percentage of ether extractives or fat noticed in the meat powders 
prepared from beef and buffalo-meat confirms the Ideal belief about the ill-nourished condition 
of the cattle slaughtered. 

The biological value of proteins present in each of the meat powders was determined by 
the balance-sheet method using laboratury-bred adult white rats as experimental animals 
The composition of the nitrogen-free diet as also the details of the technique followed have 
been fully described in previous communications from these Laboratories (JKtra and Mittra 
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1942, 1943). T]ie animals were led at 10 and 15 jjer cent, levels of protein intake and the 
details of the test diets used are ffivon in Table I : — 


Table J. 

Cowpositioii of test diets in grammes. 
f Calorific value about 2,500.) 


- Cow. 

BrTTFALO, 

Goat, 

Items of food. 

JO nor cent 
level. 

15 per cent 
level. 

10 per cent 
lovcl. 

16 per cent 
level. 

r 

10 per cent 
level. 

-\ 

15 per cent 
level. 

Meat powder . . * ' . . 74'8 

112:1 

75*3 

113-0 

86-0 

129-0 

Cora starch . . . . 27.0‘0 

277-0 ■ 

27S’0 

27G-0 

277-0 

275-0 „ 

Suj^ar cubes . . . , 51 -0 

51-0 

S4-0 

54'0 

54-0 

54-0 

Coco-nut oil . . . , 80‘3 

73-G 

ftO-7 

75‘7 

77-0 

65-2 

Salt mixture . . . . 24'0 

24-0 

24-0 

24-0 

24-0 

24-0 

Calcium carbonate . . . . C'O 

G-0 

G-0 

6-0 

6-0 

• • 6-0 

The average intake and output of nitrogen per rat on 

each of the test diets is given in 

Table II.;— 







Table II. 




Average intalcc and output of nitrogen per rat per day in grammes. 


10 per cent level. 

• 




Cow. 

... 





NITROGEN-FREE DIET. EXPERIMENTAL OR TEST DIET. 



' 







Relative 

Relative 

Eat unit 
number. 

Dry food 
intake, 

Nitrogen excreted, 

g- 

Dry food 
intake. 

Total 

nitrogen 

intake, 

Nitrogen excreted, 

g- 

digestibility 

co-efficient. 

biological 

value. 


(T 

' 








fc* 

Fffloes. 

Urine. 

to* 

g- 

Fajces. 

Urine. 



1C.. 

ll-'4 

0^264 

0-0290 

9-4 

0-1828 

0-0270 

HI 


67- 6 

71- 5 , 
64-5 

68- 3 
66-7 

72- 8 

2 0 .. 

11-7 

0-0225 

0-0201 

II-7 

0-2258 


Mimi iI 

96-2 

3 0 .. 

13-1 

0-0316 

0-0309 

12-5 

0-2379 

0-0395 

vSKe 

96-7 

8 0.. 

10-5 

0-0287 

0-0268 

8-3 

0-1624 


Mtifir 9 

99-3 

9 C .. 

12-4 

0-0314 

0-0259 

11-8 

0-2104 


■iBiH 9 


10 C .. 

12-6 

0-0300 

0-0385 

10-4 

0-1792 


HI 

98-0 


10 per cent level. 

Buffalo. 


1 B .. 

15-4 

0-0475 


16-5 



0-1664 

99-9 

59- 8 

60- 4 

64- 9 
57-1 

65- 0 

, 69-6 

2 B .. 

15-4 

0-0377 


16-6 



0-1674 

94-0 

3 B .. 

16-1 

0-0362 


16-3 


0-0581 

0-1545 

92-4 

SB .. 

15-4 

0-0373 

0-0358 

16-4 

0-3079 

1 9 


92-6 

9 B .. 

11-9 

0-0331 

0-0498 

13-6 

0-2544 

' 9 

0-1338 

94-3 

10 B .. 

14-8 

0-0340 

0-0299 

12-9 

0-2436 

\m 

0-1234 

94-7 
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Table II — eoncU. ■ 
lO.yjer cent level. 

Goat. 


Kat \init 
number. 

NITROGEN-FREE DIET. 

expe'rbiental or test diet. 

Relative 

digestibility 

co-efficient. 

/ 

Relative 

biological 

value. 

Dry food 
intake, 

g- 

Nitboges excreted, 

g- 

Dry food 
intake, 

g- 

Total 

nitrogen 

intake, 

g- 

NTTSOOES EXpRETED, 

g- 

Faces. 

Urine. 

Faces. 

Urine. 

1 G .. 

12-9 

0-02o9 

0-0381 

16-1 

0-2869 

0-0474 

0-1392 

92-2 

61-9 

2 6.. 

13-8 

0-0313 

0-0302 

15-2 

0-2890 

0-0434 

0-1422 

95-9 

59-6 

3 G .. 

8-7 

0-0211 

0-0374 

14-1 

0-2652 

0-0463 

0-1365 

90-5 

58-7 • 

8 G .. 

11-6 

0-0297 

0-0236 

15-2 

0-2879 

0-0427 

0-1312 

95-8 

60-9 

9 6.. 

14-9 

0-0379 

o-osio 

lS-0 

0-2831 

0-0397 

0-1472 

99-3 

65-8 

10 G .. 

15-0 

0-0315 

0-0481 

12-5 

0-2385. 

0-0379 

0-1514 

97-2 

55-5 






15 fer cent level. 

Cow. 




- 

4 0.. 

12-9 

0-0248 

0-0250 

12-9 

0-3467 

0-0299 

0-1406 

98-6 

64-2 

6 0 .. 

12-2 

0-0289 

0-0290 

12-2 

0-3271 

0-0337 

0-1683 

98-6 

56-8 

6 0.. 

11-6 

0-0255 

0-0289 

11-5 

0-3042 

0-0296 

0-1464 

98-7 

60-9 

7 0.. 

10-4 

0-0216 

0-0359 

11-4 

0-3047 

0-0310 

0-1770 

96-9 

B2-2 

11 0 .. 

13-3 

0-0302 

0-0391 

9-9 

0-2610 

0-0320 

0-1888 

99-3 

42-3 

12 0 .. 

-14-1 

0-0283 

0-0330 

9-7 

0-2663 

0-0318 

0-1703 

98-6 

45-7 


15 per cent level. 

Buffalo. 

4 B .. 

14-9 

0-0406 

/ 

0-0355 

13-7 

0-3623 

0-0430 

0-2158 

99-3 

49-9 

5 B .. 

15-0 

0-0369 

0-0341 

16-3 

0-4386 

0-0466 

0-2705 

97-8 

44-9 

6 B .. 

14-8 

0-0345 

0-0325 

13-7 

0-3613 

0-0430 

0-2175 

97-7 

47-3 ■ 

7 B .. 

15-4 

0-0370 

0-0366 

16-1 

0-4340 

0-0534 

0-2407 

96-2 

51-2 

11 B 

12-8 

0-JP329 

0-0.352 

12-5 

0-3275 

0-0518 

0-2104 

94-2 

43-2 

12 B .. 

14-4 

0-0334 

0-0311 

14-7 

0-3939 

0-0449 

0-2525 

97-1 

42-1 


15 per cent level. 

Goat. 

4 G .. 

11-5 

0-0169 

0-0358 

11-2 

0-3019 

0-0377 

0-1852 

93-1 

4R-0 

5 G . . 

13-6 

0-0256 

0-0324 

12-8 

0-3492 

0-0432 

0-1987 

95*0 


6 G 


0-0215 

0-0269 

12-1 

0-3296 

0-0477 

0-1944 

92-1 

44-*« 

i ijr . , 

13-3 

0-0298 

0-0406 

14-7 

0-4016 

0-0561 

0-2392 

93*0 

47*1 

11 G . . 

14-6 

0-0302 

0-0376 

14-3 

0-3929 

0-0482 

0-2606 

95*4 

4f)’^ 

12 G .. 

14-9 

0-0328 

0-0536 

l5*t> 

0-4276 

0-0479 

0-2564 

96-0 

\ 

50-8 
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' Result. 

Of the three hinds of muscle ment tested tlic average Idological value of beef was found 
to be the liighest, e.g. 68-(5 at a 10 per cent level and d‘6-7 at a lb f)cr cent level of protein 
intake. Mitcliell and Carman (1926) had obtained an average value of 09 at 9'4 per cent 
level Vv’iih beef muscle dried, jrowdered and ether extracted. I’lic individual figures were 
subjected to ‘ t ’ test and it was found that at 10 per cent level the biological value of beef 
was sigiiijicavljy superior to that of either buffalo-jneat or goat-meat. 


ItunATlVK UlCKSTIltll.ITY ItULATlVi; lUOLOOIOAL 
co-nn-jcinNT. value. 

TCiiicI of mu!-c!c niciit. ' ' 



' 10 per cent 

level. 

1.6 jxrr cent 
level. 

10 per cent 
level. 

15 per cent 
level. 

- 

Co«- 

97-.3 

98-4 

68-0 

53-7 


BufTalo 

04-7 

97-1 

.69-.6 

40-4 


Goat 

9.6-2 

91-2 

tiO-4 

4G-7 



At 15 per cent level of intake, however, the superiority noticed in favour of beef was not 
statistically significavi as P was found to lie between 0‘1 and 0'2. Such a conclusion is not 
at all surprising in view of the fact that a good- deal of variation was noticed within^the group 
itself in the case of beef at 15 per cent level. The slight superiority noticed in the case of 
goat-meat over buffalo-meat at both the levels of intake was not significant. In all the three 
kinds of meat, however, the 10 per cent level of intake was found to be signifcanilg supenoi 
to that at 15 per cent level. 

Summary. 

The average biological value of tJie protein of muscle meat from cow, buffalo and goat 
were estimated by the balance-sheet method at 10 and 15 per cent levels of protein intake. 
Ten per cent level of intake was found to be superior to that at 15 per cent. No significant 
difference could be found between the figures for buffalo-meat or goat-meat, whereas at 10 
per cent level beef was found to be significantly superior to buffalo-meat or goat-meat. 

The authors are obliged to Rai Bahadur B. P. Mozoomdar, Director of Public Health, 
Bihar, for his interest and encouragement in the work, and to Mr. S. Chatterjee, for kind } 
looking after the animals. 
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THE FOOD VALUE OF A FURTHER BATCH' OF EDIBLES. 

. ESTIMATED BY CHEMICAL METHODS. • 

BY 

K. MITRA. 

' AND 

' H. C. MITTEA. 

{From NiKrilion Scheme, Public Health Laboratories, Patna.) 

[Received for publication, September 14, 1944.] 

Introduction. 

In a series of communications from these Laboratories (Mitra, 1938 ;. Mitra and illittra. 
1941, 1942, 1943) the percentage composition of proteins, fats, ash, moisture, carbohydrates, 
calcmm and phosphorus of 250 different kinds of food has already been published. The present 
study, which forms the final report of the series, deals with the food value of 40 kinds of edibles 
not analysed so far. In the series some of the more uncommon edibles, such as frog and 
‘ rat meat, have been included as these analyses had to be undertaken in connection with dietary 
survey operations in Bihar during which these foods were foimd in the list of edibles actually 
consumed by groups of population under investigation. 


Experimental. 

The procedure reported in previous communications {loc. eit.) was followed: A good 
deal of difficulty was experienced in obtaining samples of mushrooms in fresh condition 
as the specimens often withered during transit from rural markets situated at long distances 
from these Laboratories and for each sample five or six attempts had to be made. The 
results of analysis are given in the Table below. . 

Discussion. 

Tanguni ka chawal is looked down upon as a very inferior millet but the results of analysis 
show that it is a superior article of diet as compared to rice. Bhai jkinga is the name given 
to immature shrimps resembling cooked rice grains. The calcium content has been found 
to be very high as it is eaten with the soft chitinous jacket and has been analysed in that 
. state. From the results of experiment carried out recently on the availability of calcium 
from bones of small fish by Basu one feels justified in assuming that the chitinous jacket of 
bhat jhinga is a rich source of calcium for the human organism. Boordood or white ants 
'are eaten either baked or fried in oil in certain parts of Chota Nagpur. The Indian bull fro ' 
- and the field rat are consumed by the lower-class people. In this connection it may be nointef 
out that frog is considered a delicacy in certain parts of civilized world and Furnas and Furn 
(1937) have cited an instance when students of a famous university experimented with ^t 
meat and found that for really hungry persons it was a good dish. The meat of com 
, mussel which is eaten by poorer-class people has a high calcium content as in ILa 
snail's meat. ® “ 

N People who are fond of mushrooms often sing the praise of this edible in no unc rt * 
terms. There is a popular belief that mushroom curry tastes like meat curry but the 
figures in all the-a^yarieties analysed do not justify the idea that muslirooms ore 
substitute. The flohr made from the kernel of mango seeds was found to be cons 77 nio,i 
section of the people during the food crisis last year. The -sample analysed was 
irom one such consmner and was said to have been processed or subjected to thornntri 
to get rid of its astringent taste after the kernel was dried and ground. The nress d ^ 
it cake v.-as found to possess a very high protein percenta£rp.°nnfl ground- 


uut cake was found to possess a very high protein percentage “and if populanzediTc^M,*^^' 
food IS likely to improve poor nee eater s diet. The fruits of sal tree and the ^ ^iRman 
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roasted' kernel 



Table. 
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Food values of edible portions in grammes per cent. 
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Chhena (biiais ka dudh ka) , Cpsein from buffalo milk 



of tamarind seeds are fairly good sources of calcium and are eaten by the poorer-class people 
in Chota Nagpur when the family stock of grains fall short every year during the rains. Giria 
sag grows on sandy soil’ in the barren sea coast and its salty taste saves the cost of common 
salt in its cooking. - Consequently, it was found to be widely consumed by the poorer section 
of the people in Midnapur district during the visit of the senior author (K. M.) there some 
months ago. The samples of home-made crude sugars were received from one of the home 
industries associations with a request for analysis. They were analysed as also a sample of 
commercial (mills made) sugar to study the comparative properties. 

Summary. 

Two kinds of grain foods, 7 kinds of flesh foods; 5 kinds of fruits, 9 kinds of mushrooms, 
9 kinds of miscellaneous foods, 6 kinds of leafy vegetables and 2 kind? of milk products, in all 
40 kinds of foods, have been” analysed chemically as to their respective protein, fat, carbo- 
hydrate, moisture, ash, calcium and phosphorus content. The protein content of the 9 kinds 
of edible mushrooms varied between 2 to 7 per cent. Meat of mussel and immature shrimps 
gave high calcium figures. The list of foods included amongst others meat of field rat and 
bull frog, and white ants which were listed as ‘ food consumed ’ ' during dietary smwey 
operations in certain sections of population in Bihar. 

The authors are obliged to Rai Bahadur Dr. B. P. Mozoomdar, Director of Public Health, 
Bihar, for his interest in the work. ' 
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STUDIES ON CALCIUM AND PHOSPHORUS METABOLISM. 

Part I. 


CALCimr, PHOSPHOEUS AKD PHYTIN CONTENTS OF THE DIETS OF 
KANGEA VALLEY AND THEIR RELATION TO NUTEITION. 


BY ■ 

BASHIR AH1\L4D, 

TILAK RAJ DUTT, 

AND 

B. D. NAEANG. 

(From the Punjab Universitij InsiiMe of Chemistrrjy Lahore.) 

[Received for publication* December II, 1944.] 

The occurrence of gross abnormalities of calcium and pbospliorus metabolism in tlie 
population of Kangra valley, Punjab, is now well recognized. - A nurnber of investigations 
in this area have shown the bigb incidence of rickets and osteomalacia resulting from this 
abnormality. 

The Public Health Department of the Government of Punjab (Report, Punjab Public 
Health Department, 1939), after an extensive survey of the diets and nutritional condition of 
the population of this area, concluded that the diets were ill balanced containing the minimum 
of protective foods, and were deficient in animal fat, animal protein,' calcium and vitamins 
A, C and D. 

Later, the results of a more systematic investigation extending for over two years were 
published by "Wilson and Widdowson (1942). These authors showed that the 'diets were 
grossly deficient in calcium, and suggested that this deficiency was aggravated by the presence 
in the food of large quantities of phytic acid since the diets consisted largely of cereals. Tlie 
fact that rickets and osteomalacia did not occur in the Central Provinces and Dris.sa where the 
diets were similar with respect to calcium and phytic acid content, was exjilained on.the ground 
that in Kangra valley there existed a superimposed vitamin D deficiency over a low calcium 
and high phytic acid diet. 

The results of both of these admirable and extensive investigations leave a few points 
which need further investigation. "While the exceedingly low calcium level of the diets has 
been definitely proved, no actual observations on the phytic acid and vitamin D contents 
of the foodstuffs of the area have been made.^ It was, therefore, considered desirable to extend 
the study of this problem further in the light of modern knowledge. It was desirable to 
determine to what extent the various factors which are known to affect calcium and phosphorus 
metabolism were of significance in this case. In this paper the calcium and phosphorus ratios 
of the diets of this area have been studied, and an attempt has been made to investigate the 
role of phytic acid by obtaining information about the 'phytir. acid content of samples of food 
grown in the area. In view of the exceedingly low calcium level of the diets a typical diet 
of the area has been fed to young rats and its effect upon growth in general and the develop- 
ment of bones has been studied, with the diet as such and after its improvement by the addition 
of calciiun, bringing the calciiun and phosphorus ratio within normal limits. At the same 
time the retention of calcium and phosphorus oa a typical diet of the area has been studied 
in experimental animals. 

Experimental. 

Certain foodstuffs grown in Kangra' valley were obtained and analysed for their 
calcium, phosphorus and phytin contents. Since the diets of the valley consist largely of 
cereals and pulses, several samples of these from different areas were examined. Calcium 
was estimated by the usual method of precipitation as oxalate and titration of the oxalic acid 
by standard potassium permanganate solution (Peters and van. Slyke, 1937) ; phosphorus 

•L MR ( 97 ) ' 7 



was estimated according ‘to the method of Bodanshy, and phytin according to the method 
described by McCance and AViddowson (1935). TJie results are shown in Table I. The table 
also includes available calcium and available phosphorus. These have been calculated by 
siibtracting two-thirds the amount^ of calcium and phosphorus which will theoretically com- 
bine with the amount of phytic acid present, presuming that it is unavailable : — 

Table I. 

Calciion, p?/osp]/on(.<i ami phjlic acid coatoils of 'various foods. 


» Tofnl Totfll Total phytin Avail.able Available 

Name of the foodstuH. Where crown calcium, idioiphonis, phosphoViii, calcium, phosphorus, 

mp. mg, mg. mg. mg. 

per cent. per cent. . per cent. per cent. per cent. 



( Lnunn (Knngrn) 

12-5 

iio-o 

2S-4 

6-39 

91-07 

Rice {Oryzd saliva) . . • 

Lahore 

21-5 

112-5 

23-0 

16-54 

97-17 


. Dhnrmsala (Knngrn). . 

20-0, 

103-0 

• • 

•• 



Lnuna (Knngrn) 

4S-3 

315-0 

• • 

•• 


Wheat {T ri ti c n vi 

L}-nIIpur (22S) 

62-0 

312-0 

•• 

•• 


vnlgare). 

Lynllpur(Dl) 

lOS-0 

480-0 

68-9 

93-19 

434-07 


Lahore 

61-0 

311-0 

88-9 

31-89 

251-74 


' Lnuna (Knngrn) 

J4-5 

214-0 

•• 



Maize {Zca mays) . . - 

Dhnrmsnln (Knngrn). . 

60-0 

325-0 

•• 

•• 

•• 


. Lahore 

53-0 

352-0 

211-4 

7-55 

211-07 

Barley {11 ordcii m . 

f Gorra (Knngrn) 

•• 

•• 

186-5 

•• 

•• 

vulgare). 

Lahore 

52-0 

318-0 

177-0 

13-94 

200-00 

Bajra {Pennis eium 

Lahore 

208-0 

240-0 

62-5 

194-56 

198-34 

tyfhoithum). 

Gorra (Kangra) 

140-0 

313-0 

166-0 

104-31 

201-90 

Black gram {Phaseohis . 
mungo). 

Dhnrmsala (Kangra). . 

135-0 

350-0 

•• 

•• 

•* 


. Lahore 

152-0 

310-0 

138-8 

122-16 

217-47 

Green gram {Phaseohis 

' Gorra (Kangra) 

105-0 

301-0 

74-4 

89-00 

* 

. 251-40 

radialtis). 

[ Dharmsala (Kangra), . 

110-0 

325-0 


• • 

* 

Bengal gram {Cicer 

' Lahore 

150-0 

640-0 

-49-2 

139-42 

607-20 

arielinum). 

Dharmsala (Kangra). . 

141-0 

620-0 

• • 

• • 


White gram {Cicer 

' Lahore 

208-0 

24Q-0 

23-5 


* • 

arietinvm). 

Gorra (Kangra) 

• • • 

•• 

* • 



■ Gorra (Kangra) 

283-2 

469-0 

125-0 

256-32 

885-07 

Knlth {Dolichos biflonis) 

Lahore 

282-5 

450-0 

121-0 

256-49 

369-34 

Arhar {Gajanus indices) 

Lahore 

76-0 

436-0 

107-5 

52-89 

304-34 

Dal kalan 

Dharmsala (Kangra) . . 

G7-0 

498-0 

• • 
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Table I — condd. 


Name of the foodstuff. 

Where grown. 

Total 

calcium, 

mg. 

per cent. 

Total 

phosphorus, 

mg. 

per cent. 

Total phytin 
phosphorus, 
mg. 

per cent. 

Available 

calcium, 

mg. 

per cent. 

Available 

phosphorus, 

mg. 

per cent. 


■ Leuna (Kangra) 

. 

. 

31-5 



Beans (Figna catiang) 

Dhaimsala (Kangra) . . 

135-0 

500-0 


-- 

-• 


^ Lahore 

138-0 

513-0 

•• 

-- 

-- 


'■ Gorra (Kangfa) 


-- 

329-4 \ 

•• 

-- 

Red beans . . - 

Dharmsala (Kangra) . . 

183-0 

401-0 

-- 


•• 


Lahore 

184-0 

444-0 . 

301-0 

119-28 

243-.34 

Lobia (Vigna caliang) 

Lahore 

40-0 

400-0 

107-5 

16-89 

328-34 


It would be seen from Table I tliat the calcium content of the foods grown in Kangra 
valley tend to be somewhat lower in most of the cereals and pulses examined. Lander (Report, 
Punjab Public Health Department, he. cit.) after an analysis of the soils of this valley has stated 
that calcium content of the soils is 3 to 6, times lower than -the figures forLyallpur and other 
parts of the Punjab. lYith respect to the phosphorus content of the foods grown in Kangra 
and other parts of the Punjab, there does not appear to be much difference. The same is true 
of the phytin content of the cereals for crops produced in Lahore and Kangra valley. 

A number of surveys of the diets of various sections of the population in Kangra valley 
and neighbouring areas have been reported in the literature, particularly from the studies of 
the Punjab Public Health Department (loc, cit.), and those of Wilson and Widdowson (Zoo. cit.). 
We have selected 21 of these dietary studies for further investigation of their calcium, phos- 
phorus, phytin, available calcium, and available phosphorus content. The diets selected 
are shown below : — 


Diet. 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9 . 

10 . 

11 . 

12 . 

13. 

14. 

15. 
IG. 

17. 

18. 

19. 

20 . 
21 . 


15 peasant families of village Launa. 

15 „ „ „ Gorra. 

15 „ „ „ Chilali. 

15 „ „ . „ Bhadwar. 

23 families of Launa village with osteomalacia and rickets. 
1 ^ 


no osteomalacia and rickets, 
osteomalacia and rickets in autumn, 
osteomalacia and rickets in spring, 
no osteomalacia and rickets in autumn, 
no osteomalacia and rickets in spring. 


15 
10 
10 
10 

10 _ ___ 

6 individual women with osteomalacia. 

6 individual children of mothers with osteomalacia. 

10 families of Tharl village with rickets or osteomalacia. 

10 families of Tharl village without rickets or osteomalacia. 
MTieat-eating well-to-do Hindu families of Central Punjab. 

„ middle-class Hindu families of. Central Punjab.- 
„ poor-class Hindu families of Central Punjab. 

„ middle-class Mohammedan families of Central Punjab 
,, poor-class Mohannnedan families of Central Punjab. 

„ middle-class Sikh families of Central Punjab, 
poor-class Sikh families of Central Punjab. 


Diets 1 to 4 are from the Report, Punjab Public Health Department [he. cit.) and 
5 to 21 are from Wilson and Widdowson [loo. cit.). The calcium, phosphorus and phytin 
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contents of tliese diets ])ave been re-calcnlated from onr own analyses supplemented where 
necessary with those of Khullnr and Lander (Keport, Punjab Pu])lic JJealtli Department, loc. 
cit.). Prom the literature it appears 'that apjiroximal ely G() ]jcr cent of the phosphorus present 
in phytin may be excreted unchanged in the ficces (JfcCancc and tViddowson, he. di.). Under 
ordinary conditions, tlmreforo, the phosidiorus of the jdiytin is only available to the extent 
of about one-third. As Harrison and j\lellanl)y (10.19) have pointed out a certain amount 
of the calciuin from the food is also precipitated as calcium phytate, which is again un- 
available. Since about one-third of the jdiosjdiorus of ])hylin. is available, it can be assumed 
that calcium phytate is hydrolysed to a limited extent in the body and only about one-third 
of the calciuin from calcium pliytate may also be available. On this assumption the 
available calcium and available ])ho.sphorus have been calculated from the total calcium 
and phosphorus content of these diets. The rosult.s are shown in Table JI 


Tabli: II. 


Total ealenm awl ‘jiilionjiilionta, availohlc calciam awl pJio.'ipJioriis, ihdr ratio iii the 
diets of Kaitgra vallcj/ and Central Punjab. 

(Per day per consumption unit.) 


Dietary 

number. 

Total 

calcium, 

my. 

Total 

plio‘?plioru‘;, 

my. 

Ca/P ratio. 

Total pliyfin 
phosplioriiF, 
my. 

Available 

calcium, 

mcr. 

Available 
pliospboi us. 
my. 

Available 
Oa/P ratio. 

1 

304 

l,51."j 

0-20 

358 

227 

1,270 

0-178 

2 

S75 

2,784 

0-21 

447 

479 

2,480 . 

0-190 

3 

543 

33,100 

0-17 

951 

3.39 

2, .520 

0-134 

4 

710 

3,150 

0-22 

782 

548 

2,029 

0-208 

n 

290 

1,990 

0-14 

023 

150 

1,575 

0-099 

6 

300 

2,100 

OTO 

728 

204 

1,075 

0-121 

7 

200 

2,0.50 

0T2 

703 

109 

1,581 

9-009 

8 

.340 

1,890 

OT8 

614 

20S 

i,fso 

0-140 

9 

290 

2,200 

0-12 

1,009 

00 

1,547 

0-039 

10 

290 

2,340 

0-12 

1.017 

71 

1,002 

0-013 

11 

240 

1,700 

0-14 

380 

L57 

■1,503 

0-104 

12 

220 

1,540 

0T5 

354 

144 

1,304 _ 

0-120 

13 

290 

3,000 

0-08 

1,004 

. » 

2,491 

•• 

14 

300 

3,2.50 

0-09 

1,493 

• • 

2,255 

•• 

15 

1,220 

2,250 

0-54 

421 

1,129 

1.9G9 

0-570 

16 

900 

1,900 

0-47 

524 

- 787 

J 

0-507 

17 

610 

1,640 

0-37 

441 

415 

1,346 

0-.30S 

18 

740 

1,800 

0-40 

348 

-005 

1,028 

0-408 

19 

590 

1,750 

0-30 

365 

514 

1,513 

0-340 

-.20 

1,050 

2,140 

0-50 

496 

943 

1,809 

0-520 

21 

770 

2,100 

0-30 

561 

649 

1,726 

0-370 


Diets 1 to 14 are of the population groups in Kangra valley, while 16 to 21 r 

of various sections of the population living in Central Punjab. The calcium con ® . 

Kangra valley diets varv from 220 mg. to 716 mg. per day per consumption unit, b 
of the values approximating to 300 mg. The daily consumption of phosphorus 
1,515 mg. to 3,600 mg., while the calcium: phosphoras ratios of the diets • 

0-08 and 0-22. On the other hand, Central Punjab diets show a c^cium con e ^ 
between 510 mg. and 1,220 mg. and phosphorus content between 1,040 [ ^^rkecUv 

Kven ill the groups representing low economic levels the calcium . I samh 

higher -than in iangk valley diets the phosphorus remaining approximately the 
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Cousequentl)^ tlie ratios for these diets are much higher varying between 0-3 and 0-54, 
for the majority of diets the average being 0-4, At this level of ealcium and phosphorus 
intake there is little incidence of rickets. In Kangra valley diets, however, the ealcium 
contents are low while the phosphorus contents are exceedingly high, leading to a very low 
calcium ; phosphorus ratio. ]\Iuch of the disturbance, therefore, may arise from the lack of 
balance between calcium and phosphorus. This point has not been sufficiently stressed by 
previous workers in this field. The average ratio of calcium : phosphorus of Kangra valley 
diets is found to be 0T5. This ratio is definitely low for the proper calcification of the 
bones and for growth. Experimental studies on calcium and phosphorus metabolism have 
indicated that when calcium or phosphorus is abnormally high neither of them can be 
retained in the body. It has been found by workers in this field that the range of limits of 
calchmi : phosphorus ratio for normal calcification of the bones appears to lie between 5 and 
2 for infants betiveen 2 and 1 for older children ; and betif een 1 and 0-5 for adults. The 
ratio of the diet in Kangra valley is never higher than 0-2. It is, therefore, to be expected 
that the calcification of the bones will be markedly hindered with a diet having such a ratio 
and incidence of rickets and osteomalacia would be very high. Pregnancies which entail 
still greater strain on the body as regards calcium, precipitate osteomalacia in the 
majority of women in this area. 

In the wheat-eating areas of Central Punjab (diets 15 to 21) which have been included for 
comparison, the calcium and phosphorus ratio for well-to-do and middle-class families (Hindus) 
lies betw^een 0'47 and fl-51 which are probably enough for proper calcification. Only in the case 
of very poor classes both of Mohammedans and of Sikhs, the ratio falls to 0'3 which is definitely 
low, and rickets and osteomalacia is probably prevented in these areas on account of higher 
intake of ^dtamin D occasioned by greater hours of sunshine and outdoor life led by the 
poorer families of these areas in the Punjab as compared to Kangra valley where the hours of 
sunshine are much less at certain seasons of the year. 

When the phytic acid of the diets is taken into consideration and the ratios of available 
calcium and available phosphorus for the various diets are calculated, the values tend to be 
still lower in Kangra valley. Thus, if this represents the true state of their calcium and 
phosphorus intake the abnormality will be still further aggravated. Considering both the 
series of ratios, however, the phytic acid contents lower the ratio to the extent of about 10 per 
cent. The presence of phytic acid, therefore, further aggravates the imbalance of calcium and 
phosphorus in the diets. ' 

Growth ami development of the bones of experimental animals on a typical diet 

of Kangra valley. 

A typical diet of Kangra valley (diet 1, described above) was fed to a group of younw 
rats. The animals w^ere divided into two groups one being fed on the typical diet alone and 
the other on the typical diet supplemented wdth calcium lactate so as to bring the calcium : 
phosphorus ratio to 1 ; 1. Two such experiments wmre conducted, one for 11 weeks and the 
other for 9 weeks. The results are shown in Table III : — ^ 

Table III. 


Group and experimental diet. 


' Expcrivicnt I. 

Group 1. T}’pical diet of Kangra . • . . 

Group 2. Typical diet supplemented with caleiuin 
laetate. 

Experiment II. 

Group 1. Typical diet alone . . - . , 

Group 2. Typical diet supplemented with calcium 
lactate. 


Kumher of 
animals. 

Total time Of 
e.xperiment, 
weeks. 

Average rate 
of grou th, 
g. per week. 

Average food 
intake per 
animal per 
day, g. 

C 

11 

2-40 

6-40 

G 

11 

3-5G 

C’oO 

C 

0 

1-40 

o-OO 

6 

9 

2-dO 

5-20 
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It will lie seen from Table HI tliat in both the experiments the average rate of growth 
of the animals receiving the typical diet of Kangra valley was cxccedingly'^oor. When this 
diet was supplemented with calcium lactate there was slight improvement in the rate of 
growth in both tlie experiments though even as such the growth was much below the normal, 
being only 26 to 35 per cent of what is generally obtained on a good diet. This diet is evidently 
lacking in other essential factors also, which act as limiting factors for growth. It is clear, 
however, that by itself the diet is very poor. 

, Tlie effect of these diets was also studied on the developinent of the bones. At the 
conclusion of the experiments summarij^ed in Table III all the animals were killed and the 
entire skeleton of each rat was removed by the usual method of proteinase digestion. The 
skeletons were thoroughly washed, dried, defatted wdth ether and ashed in a silica crucible 
in the muffle furnace. Total calcium and pliosphorns contents of the ash- in the case 
of each skeleton were determined by the usual methods. The results of the weights of 
the bones, bone ash, the degree of calcification showing the average of each group are shown 
in Table IV • 


Table IV. 


Galchim and jyJiospJiorus content of the bones of rats hcpl on Kangra valley diel'alone 
and after su])plemeniiny it with calchm lactate. 
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Experiment I. 


Group 

1. 

Typical diet of Kangra 

1-3C4 

0-670 

49-1 

0-94C 

67-66 

4-91 

103-1 

7-522 

Group 

2, 

Tj'pical diet fauppleinciitcd 
with calcium lactate. 

2-033 

1-110 

57-0 

1-140 

141-96 

6-852 

188-32 

9-330 



Experiment 11. 


■ 







Group 

1. 

Typical diet alone 

0-S7S 

0-430 

48-88 

0-960 

60-06 

6-S76 

- 79-96 

g-oSo 

Group 

2, 

Tj'pical diet supplemented 
with calcium lactate. 

1-478 

0-785 

53-30 

1-130 

105-16 

7-250 

139-24 

9-68 


* See note below. 


Table IV shows that the values for jnmrage weight of bones, amount of Irone ash, percentage 
oi bone ash are all lower for the animals fed on the typical diet of Kangra valley 
than those whose diet was supplemented with extra calcium. The degree of calcification 

rporesented by A/R — -- — _^yj ght of nsh — ^was also lower for the first group of 

repieseiibBu u y of bones — weight oi ash 

animals in both the experiments. There was only 5’8 per cent increase in the percen a„e 
of bone ash on feeding extra calcium. 

Calcium oMd phosphorus balance and retention on a typical diet of Kangta valley. 

A further metabolism experiment was undertaken to see the retention of ,V 

typical diet of Kangra valley (diet 1, described aboveh Each experiment 
on^six adult rats of about six months of age and weighing ^'>ef'Ween 

the preliminary period of three days on the experimental diet the mm apfennined. 

^ ^ • subsequent period of three days, the food intake bemg also deteriniuea. 


collected during a 
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Tlie weights of the rats during the experiment showed little change. Three snch experiments 
were performed and the results are shown in Table \ : 

Table V. 


Average metabolism data showing the balance and retention of calcium and 'phosphorus 
on a typical diet of Kangra valley and the same diet 
supplemented with calcium. 




Ibtakb. 

OuTPWi OP Ca. 

Output op P. 

Balakoe. 

Group and experimental 
diet. 

Period. 

Ca, 

mg. 

P. 

rug. 

Urine, 

mg. 

Ffeces, 

mg. 

Urine, 

mg. 

Fajces, 

mg. 

Ca. 

P. 

Experiment I. 

Gbotjp 1. Kangra valley 

3 days 

10-17 

50-40 

3-17 

' 10-95 

23-13 

18-23 

- 3-96 

+ 9-03 

diet. 

Gboup 2. Supplemented 

ij 

49-00 

49-00 

1-50 

23-73 

17-90 

20-76 

+23-83 

+10-33 

diet. 

Experiment II. 

Gboup 1. Kangra valley 

i> 

17-17 

85-74 

2-80 

20-40 

22-05 

25-80 

- 6-02 

+37-86 

diet. 

Gboup 2. Supplemented 


81-20 

81-20 

2-83 

21-36 

23-20 

28-58 

+53-46 

+29-41 

diet. 

Experiment III. 

Geocp 1, Kangra valley 

ti 

10-63 

63-20 

5-02 

7-77 

26-79 

16-36 

-21-15 

+10-43 

diet. 

Gkoup 2. Supplemented 

99 

32-80 

62-80 

4-02 

22-60 

24-06 

18-46 

+26-18 

+ 10-26 

diet. 











The results of these experiments clearly indicate that there was a negative balance of 
calcium when the typical diet of Kangra valley alone was fed. When the diet was supple- 
mented with calcium there was retention of calcium. Kor phosphorus, however, the balance 
was positive in all the groups. This experiment lends further support to the contention that 
the diet was ill balanced with regard to calcium and phosphorus resulting in the excretion 
of calcium, ultimately precipitating osteomalacia. 

Summary. 

1. The investigations described in this paper relate to diets in Kangra valley, Punjab, 
where abnormalities of calcium and phosphorus metabolism occur to a very marked degree 
resulting in a higli^incidence of rickets and osteomalacia. Some typical foods of Kangra 
valley were analysed for calcium, phosphorus and phytin contents and on the basis of those - 
analyses the average diets of 14 different groups of the population of the valley were studied 
with regard to their calcium and phosphorus contents. The calcium content was low and 
phosphorus exceedingly High showing ratios of calcium ; phosphorus between 0-08 and 0-22 
for the various diets. This ratio is considered to be definitely low for proper calcification. 
For comparison seven diets of population group frpm Central Punjab are also shown. 

' 2._ The role of phytic acid in the nutrition of the population of this area has also been 
mvestigated. From the phytic acid content of the foods grown in the area the available 
calcium and phosphorus of the diet, and the ratio of available calcium : available phosphorus 
have been calculated. This ratio is about 10 per cent lower than the ratio based on total 
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calcium and total pliosplioriis. The presence of phytic acid therefore significantly 
aggravates the imbalance of minerals in«the diets of these population groups, 

3. A typical diet of Kangra valley was fed to young animals to study its effect upon 
(a) general growth and (6) development of bones. Tlie growth on this diet was exceedingly 
poor, there being slight improvement when the diet Avas supplemented with calcium. The 
rate of groAvth even on the improved diet was only 25 to 35 per cent of the normal showing 
that there were other limiting factors involved. The skeletons of these rats were examined 
for their ash, calcium and phosphorus contents. The degree of calcification Avas poor'in the 
case of animals fed on typical diet of Kangra Amlley, AA'hile the percentage of calcium and 
phosphorus in the bone ash together Avith the degree of calcification considerably improved 
for the animals whose diet AAms supplemented AAOth extra calcium. 

4. In another group of 18 rats on a ty'pical diet of Kangra valley calcium balance 
AAms studied. All the animals Avere found to be on a negative calcium balance. Om adding 
calcium to the diet so as to bring the ratio of calcium : phosphorus as 1 : 1, retention of 
calcium began to take place. • 

From these studies it is concluded that one of the chief abnormalities in the diets of the 
population of this area is the lack of balance of the minerals calcium and phosphorus. 
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The liiglt incidence of rickets and osteomalacia in Kangra valley, Punjab, and the gross 
deficiency of food vith respect to calcium has been fully established by the investigations of 
the Punjab Public Health Department (1939) and of Wilson and Widdowson (1942). In 
an earlier investigation (Ahmad, Dutt and Narang, 1945), it was shown that the ratio of total 
calcium : phosphorus in the common diets of this area was very low and was of the order of 
0'2. If the phytin content of the diets was taken into consideration this ratio was still further 
lowered. The deficiency of the diet was further confirmed by feeding ejqperiments on the 
animals, and even when the diet was corrected with respect to calcium and phosphorus level, 
and the balance of these minerals, the growth of animals was by no means normal, indicating 
the coexistence of other abnormalities. 

The object of the present investigation was to study the blood conditions of the people 
in respect of calcium, phosphorus and phosphatase contents and to relate them to earlier 
findings. Blood examinations of the calcium, phosphorus and phosphatase contents were 
made on the patients attending the Civil Dispensary and Zenana Mission Hospital, Palampur. 
It was from these patients that normals as well as cases of rickets and osteomalacia were 
selected. The cases grouped as normals were those who had no ostensible signs of any 
pathological condition, and attended the hospital for- only petty aUments. The selection 
of the _ rickets and osteomalacia cases was made on a clinical basis. In the table, 
where inforniation regarding blood-serum calcium, phosphorus and phosphatase for this 
class of patients is set out, the severity of 'each case is also indicated. This degree of 
severity was assessed exclusively on the clinical symptoms and is based on the opinion of 
the medical officer in-charge of the dispensary. 


Method. 

Blood-serum calcium was determined by the usual method of precipitating it as calcium 
oxalate, and titrating the combined oxalic acid with standard potassium perman«anate solution 
as modified by Clark and Collip (1925). ° 

Phosphorus and phosphatase were determined by the modified method of Bodansky 


(1937) 

In Tables 
100 samples of 
osteomalacic. 


I to V the values of calcium, 
blood are shown for the different 


phosphoru.s 
groups, viz. 


and phosphatase for 
normals, ricketic and 
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Table I. 


Calcium, phosphorus ami 2 )hosphat(isc coploits of blood, 
Normal mluU 9}uiJcs (]0 cases). 


Number. 

Ago 

(years). 

Calcium 
per 100 c,c. 
serum, 
mg. 

Phosphorus 
per 100 c.c. 
scrum, 
mg. 

Phosphatase 
per J 00 c.c, 
serum, 

B, units. 

1 

15 

8-51 

4-50 

2-3 

2 

35 

8-20 

4 -SO 

3-1 

3 

27 

S-S5 

4'5G 

1-9 

4 

19 

9-12 

4-38 

2-6 

5 

4S 

9-03 

4-21 

1-5 

6 

3G 

S-8S 

5-23 

4-0 

7 

29 

9-35 

4*75 

1-78 

s 

50 

9-2C 

5-00 

1-G 

9 

G4 

9-12' 

4-92 

1-8 

10 

41 

9-40 

4-7S 

2'4 



Table II. 


Normal adult females (20 cases). 


Number. 

Calcium PJiospIiorus 

per 100 c.c. per 100 c,o, 

scrum, serum, 

mg, mg. 

Pliosphafaso 
per 100 c.c. 

serum, 

B. units. 


1 

23 

8-3 

4-0 

3-1 

2 

17 

8-2 

4-25 

2-9 

3 

29 

S-55 

4-G 

2*2 

4 

35 

- 9-24 

4-8 

1-8 

5 

30 

9-0 

4-7 

1-G 

G 

22 

8-45 

4-3 

3-7 

7 

33 

8-13 

4-4 

1-9 

8 

18 

8-35 

4-5 

2-1 

9 

45 

8-21 

5-0 

2-0 

10 

35 

8-45 

4-2 

3-1 

11 

24 

S'17 

4-4 

2-0 

12 

39 

8-85 

4-5 

1-S 

13 

35 

8-24 

4-7 

3-2 

14 

18 

8-35 

3-9 

2-7 

15 

25 

8-09 

4-G 

2-1 

16 

54 

8-22 

4-9 

2-4 

17 

G4 

8-75 

4-5 

1-9 

18 

27 

8-16 

4-2 

3-7 

19 

' 25 

8-53 

4-4 

2-0 

20 

31 

8-24 

4-G 

2‘2 
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Table III-A. 


Normal female children (6 cases). 


Number. 

Age 

(years). 

Calcium 
per 100 c.c. 
serum, 
mg. 

Phosphorus 
per 100 c.c. 
serum, 
mg. 

Phosphatase 
per 100 c.c. 
serum, 

B. units. 

1 

5 ' 

8-80 

4-2 

9-3 

2 

4 

9-12 

4-8 

10-2 

3 

8 

8-78 

4-65 

8-7 

4 

6 

8-75 

4-85 

11-3 

6 

8 

8-15 

4-32 

13'0 

6 

7 

8-55 

5-0 

6-32 

\ 







Table III-B. 



Normal healthy male children (17 cases). 

Number. 

Age 

(years). 

Calcium 
per 100 c.c. 
serum, 
mg. 

Phosphorus 
per 100 c.c. 
serum, 
mg. 

Phosphatase 
per 100 0 . 0 . 
serum, 

B. units. 

1 

7 

8-60 

3-9 

6-6 

2 

11 

8-75 

4-37 • 

5-4 

3 

9 

9-22 

4-32 

7-85 

4 

5 

8-35 

4-74 

9-26 

5 

10 

8-42 

5-0 

8-8 

6 

8 

8-31 

4-38 

9-7 

7 

12 

8-85 

4-85 

6-32 

8 

6 

3-08 

4-74 

10-40 

9 

9 

8-24 

4-55 

7-75 

10 

13 

8-72 

4-72 

5-95 

11 

8 

900 

5-20 

8-46 

12 

o 

8-61 

4-36 

7-32 

13 

10 

8-15 

4-00 

. 11-85 

14 

4 

8-52 

4-71 

9-36 

15 

C 

9-25 

4-85 

8-67 

IG 

G 

8-24 

4-10 

10-38 

17 

12 

8-70 

3-81 

6-85 


( 1.07 ) 







Table IV-A. 


/Arc/nVic male children (13 crt.scs before treatment). 


Number, 

Ago 

(years). 

33cgrcc of 
rickets. 

Calcium 
per 100 c,c, 
serum, 
mg. 

Phosphorus 
per iOO c.c. 
.serum, 
mg. 

Phosphatase 
per 100 c.c. 

scrum, 

B. unit.s. 

1 

5 

+ + 

7-10 

4-0 i 

11-3 

0 

4 

+ + + 

G'SS 

3-55 

lo'G 

3 

4 

+ 

7-08 

4-10 

10-5 

4 

9 

+ + + 

G-81 

3‘75 

. 13-7 

5 

G 

+ 

7-20 

4- 

10-2 

6 

8 


7-lG 

4-52 

10-7 

7 

5 

+ 

C-95 

4-05 

11-3 

3 

5 

+ + -!- 

G'GS 

3-52 , 

10-3 

i) 

7 

+ + 

7-00 

4-03 • 

13‘j ■ 

10 

i 

+ + 

G-S5 

4-12 ■ 

14-1 

11 

G 

+ + + 

6-21 

4'CO 

34-5 

12 

8 

+ + + 

G’ol 

4 '28 

■ lu'S 

- ✓ 

13 

4 

+ + 

G-89 

4-18 

12'S 


Table IV-B. 


liachilic female children (12 cases before Ircalment). 


Number, 

Ago 

(years). 

Degree of 
rickets. 

Calcium 
per 100 c.c. 
serum, 
mg. 

Phosphorus 
per 100 c.c. 
serum, 
mg. 

Phosphatase 
per 100 c.c. 
serum, 

B. units. 

1 

3 

4- + 

7-12 

3-72 

14'S 

2 

2 

+ + 

6-74 

3-45 

17*35 

3 

7 


6-90 

3*95 

9-8 

4 

7 

+ + 

G-75 

3-92 

• 14-8 

5 

0 


6-92 

3-90 

12-9 

6 

7 

+ 

7-20 

4-53 

12'5 

7 

7 


7-25 

4-37 

10-7 

8 

12 

++4- 

6-35 

4' 15 

17-7 

9 

6 


7^05 

4-83 

12'7 

10 

6 


7-10 

4-80 

13-2 

11 

7 

+ + 

6-91 

4-75 

14'S 

12 

5 

+ + + 

G'OS 

3-75 

20-3 
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Table V. 


TrojJiO! xvith osteomalacia (25 cases before treatment). 


Numljor. 

Age 

(yenrs). 

Degree of 
rickets. 

Calcium 
per 100 c.c. 
serum, 
mg. 

Phosphorus 
per 100 c.c. 
seruni, 
mg. 

Phosphatase 
per 100 c.c. 
serum, 

B. units. 

1 

41 

+ + 

6-85 

5-02 

7-2 

O 

25 

+ 

6-50 

4-80 

9-5 

3 

35 

+ 

7-03 

4*75 

5-25 

4 

22 

++ 

6-90 

4-66 

6-5 

5 

26 


6-95 

4-35 

4-8 

G 

. 19 

-U 

7-20 

4-00 

5*5 

7 

32 

+ + 

6-92 

4-50 

7'3 

S 

27 

++ 

6-81 

4*55 

6-9 

9 

24 

+ 

7-00 

4-34 

5-20 

10 

36 

++ 

6-78 

4-20 

8-4 

11 

28 

4' 4- 4" 

6-42 

4-05 

10-7 

12 

25 

+ 

7-10 

4-72 

4-85 

13 

24 


6-88 

4-53 

5-9 

14 

26 

4-- 

6-95 

4-38 

5-0 

15 

35 

+ 

7*15 

4-58 

6-3 

IG 

29 

+ + 

G*78 

4-16 

6*5 

17 

22 

+ + + 

618 

4-32 

' 9-2 

18 

33 

4~ 4- 

6-91 

4-54 

7-1 

19 

20 

+ 4- 

6-81 

4-00 

6-4 

20 

24 

+ 

7-00 

4-60 

5-2 

21 

19 

++ 

6-85 

4-35 

6-8 

22 

34 

4- 4- 

6-80 

4*22 

5-7 

23 

30 

++ 

0-71 

4-56 

8-4 

24 

35 

4-4" 

6-79 

4-00 

7-1 

25 

25 

+++ 

6-45 

3-90 

8-4 


. Statistical analysis oe the data. 

V The mean values of calcium, phosphorus and phosphatase as deduced from Tables I and 
II for the 10 adult healthy males and 20 healthy adult females respectively, together with 
the variances of each series, are shown in Table VI : — 


Table 



Calcium 
per 100 c.c. 
serum, 
mg. 

Phosphorus 
per 100 c.c. 
serum, 
mg. 

Phosphatase 
per 100 c.c. 
serum, 

B. units. 

1. 3Ican rallies. 

(a) Normal adult males 

(b) Normal adult females 

8-97 

8-42 

4-72 

4-48 

2-29 

2-45 

2. Porinucc. 

(a) Normal adult maic.s 
(5) Normal adult females 

0-14 

0-10 

0-09 

0-08 

0-60 

0-41 

. 



' 
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The significance of the difference exisfcinc between tlie mean valnes of the two sexes has 
been tested by the usual Fislier’s ( 1938 ) ‘ t ’ test. Sex difference is found to be statistically 
significant only in respect pf calcium and pliospliorus contents of the serum. But, whilst 
in respect of calcium, tlie difference in the mean values of tJie two sexes is highly significant 
the phosphorus content is not so marked!}' different ; being significant at the 5 ner cent hut 
not at the 1 per cent proliability levels. 

In so far as the degree of variability in the male and feinale series is concerned in no case 
is any sex difference estal)lishcd statistically. 

Mean values for .normal children similar to those set out in Table VI for adults are 
presented in Table VII, The number of normal male children was 17 and that of the 
normal female children G, It may lie mentioned that all cases below' 13 years of age were 
classed as children. The ages of the adults ranged from 15 to G5 years in the different 
tables set out in the text. 


Table VII. 



Calcium 
per 100 c.c. 
.‘icrnm, 
my. 

Phoaphoru.s 
per 100 c.c. 
.acnim, 
jng. 

Pho.aphatase 
per 100 c.c. 
serum, 

B. tmits. 

1. Mean vaUiQS, 




(a) Normal innlc children 

8-G5 

4-51 

8-31 

(6) Normal female children . . 

8-G2 

4-5C 

0-5G 

2. - Variance. 




(a) Normal male children 

0-19 

0-16 

. 3-15 

(/>) Nor nal female children , . 

0-09 

0-13 

0-48 


None of the three variances for male children shown in Table VTI differ from the corres- 
ponding variances for females. 

In respect of mean values, comparisons were instituted not only in respect of sex but also 
between children and adults of the same sex. It was found that, amongst children, no sex 
differences could be established in regard to the mean values of any of the three constituen s 
of the blood. Vdien comparison is made between adults and children of the same sex, a higaiy 
significant difference is established only in regard to the mean phosphatase values ; the mean 
pfc)sphatase value for male adults being 2-29 rag. as compared wdth that of 8'31 mg. for ma e 
children. Similarly, for the female adults, the mean phosphatase is 2’45 mg. as against a va ue 
of 9*56 mg. for the female children. Age does not, however, seem to produce signitican 
variations when we consider the mean phosphorus content of blood serum either for ma e 
or females. In respect of calcium, only the male children show a significant difference r 
■ the male adults. This difference is significant at 5 per cent level but not at the 1 , 

probability level. Females fail to show this difference to a significant extent. _ inns, w 
among normal females age does not seem to make any appreciable difference m tlie 
calcium, there is an indication that an increase occurs in the mean calcium level of , 

as compared with that of the male children. The mean calcium content among f g 

fs 8 66 as compared mtli a mean of 3-97 mg. for male adults. The corteapondmg values 
for females are 8-62 mg. for children and 8-42 mg. for the adults.^ ^ / i a female 

In Table VIII the mean values and variances for rachitic children 
-erinratelvl and for osteomalacia cases are set out. The numbers of cases » o 
Se groups, viz. rachitic male children, rachitic female children and osteomalacia cases, 

13 , 12 and 25, respectively. 

( no )'• 



Ta'ble VIII. 



Calcium 
per 100 c.c. 
serum, 

- mg. 

Phosphorus 
per 100 c.c. 
serum, 
mg. 

Phosphatase 
per 100 c.c. 
serum, 

B. units. 

1. Mean vahics. 

(«) Rachitic male children . . 

6-87 

4-08 

13-87 

{b) Rachitic female children 

6‘91 

4-20 

14-29 

(c) Osteomalacia cases 

6-83 

4-41 

6-81 

2. Variance. 

(a) Rachitic male ehildren . . 

008 

OTO 

14-59 

(b) Rachitic female children 

0-08 

0-10 

14-59 

(c) Osteomalacia cases 

006 , 

0-08 

2-46 


The amount of variability associated with the calcium and phosphorus contents is almost 
similar for the male and female children and for the osteomalacia cases. The individual values 
of phosphatase, however, show markedly different degrees of variability ; thus, whilst the 
variance for the osteomalacia cases is 2-46, that of rachitic female children is 3‘4 times this 
value, aird that of the rachitic male children is 5-9 times. Both these variances are signi- 
ficantly higher than that for osteomalacia cases: 

The results of the different comparisons made between the mean values for rachitic 
children and osteomalacia cases and of the corresponding normal cases are summarized 
below : — 

Between rachitic male and female children no difference seems to exist in respect of any 
of the three constituents. In the earlier ages, therefore, among rachitic children sex makes 
no difference. But, compared with the normals, in so far as the male rachitic children are 
concerned, the mean values of all the three constituents, viz. calcium, phosphorus and 
phosphatase, are significantly different from those for the normal children. Female rachitic' 
children, however, whilst differing significantly from the normal female children in respect 
of phosphatase and calcium values, do not show aliy material difference in respect of phos-' 
phorus content of blood serum. At the higher ages also, when comparison is made between 
adult normal females and osteomalacia cases, there is no evidence that the mean values of 
phosphorus f6r the two groups are different. At these ages the other two constituents, viz. 
calcium and phosphatase, are, however, both significantly different, in the osteomalacia group 
as compared with the normal women. The calcium values for osteomalacia cases are on the 
average significantly lower and the phosphatase mean values higher than those of the normal 
female adults. 

Age has been shown to have its effect in regard to phosjfiiatase values. For this reason 
it is necessary to test whether the age distribution of adult normal females is different from 
that of osteomalacia cases. The number of cases in the two gr,oups.are 20 and 25 and. in broad 
age-groups, the following frequency distributions are obtained : — 


Table IX. 


Age distribution. 

Rormal adult 
females. 

Osteomalacia 

cases. 

Below 25 


6 

8 

25 to 35 



11 

35 and over 


7 

6 


25 


Total 


20 



x; for this table is as low as 07 comparccl witli tlie values of 5-99 at the 5 per cent 
level of significance. Tlic two age distributions cannot, therefore, be regarded a.s dissimilar. 
lUirther, the mean age of the normal female adult group is 31-45 years as compared with 27-92 
years for osteomalacia cases._ The value of ‘ t ’ obtained froin the difference of these Wo 
mean nges is 1-28 wdiich again does not show any significance. It is. therefore, reasonable 
to conclude that wdiatevcr significant results have been obtained in the foregoing analysis 
have not arisen from any difference in the age constitution of the two groups of norkal 
female adults and w-omen with osteomalacia. 


Dmru.ssioN. 


Perusal of Tables I, IT, III-A and ITI-B shows'that although blood-serum phosphorus 
and phosphatase vary within normal limits there was positive deficiency in respect of calcium. 
Normal male adults are just on the border line, whereas all women with the exception of 2 
in the series ■ of 20 (Tabic IT) showed low values for Idood-scrum calcium.* This is due 
according to Ahmad c( al. {loc. cil.) to {a) a very poor intake of calcium in their diet, and (6) a 
very unfavourable ratio of calcium and jdiosphorus in the' diet which depletes the body 
further of its calcium reserves. 


Tables IV-A, TV-B and V give the results of anal^-ses of the pathological cases examined. 
It is evident that in these cases the condition of rickets and osteomalacia has been precipitated 
by a further fall in the blood calcium, whereas the blood-serum pho.sphorus and phosphatase 
have varied as in the healthy persons within the normal limits. Tliese findings suggest that 
the patients suffered from high phosphorus and low calcium rickets. The rachitogenic action 
of their diet wdiich consists chiefly of cereals may have been further enhanced by the deficiency 
of fats in their diets. hIcDougal (1938) and Palmer and hlottrani (1939) have shown that the 
calcium from the cereals diet is absorbed to a greater extent because of the calcium soaps 
formed with the fatty acids, while in the absence of fats calcium combines witli phytin or 
its decomposition products to form an insoluble compound which cannot be absorbed. This 
may explain why the comjmratively richer class of people are free from these symptoms who 
have a higher dietar}^ intake of fat. 


Phosphatase has been found to be considerably elevated in rickets (Robison, 1923; Kay, 
1930, 1932). Stevenson, Morris, Pedan and Small (1937) have suggested that the level of 
plasma phosphatase could be usefully employed as an index of the degree of rickets. _ They 
further suggested that in the diagnosis of rickets the estimation of phosphatase provided a 
sensitive test and showed the very early presence of the disease where even the a;-ray failed. 
But our observations (Tables IV-A and IV-B) show that although other clinical symptoms 
of rickets were present in the patients examined, the serum-phosphatase values ranged within 
normal limits, in 5 eases out of 13 among the male children and 2 cases out of 12 among 
the female children. Similarly, in the osteomalacic wmmen the values although_ higher than 
the normal healthy women are^ not of the same degree of magnitude as recorded in the litera- 
ture. The only explanation from the data presented can be that w'ork reported in literature, 
has more or less been limited to high calcium, low phosphorus rickets whether on human beings 
or the experimental animals. PhosjDhatase, being 'an enzyme which is primarily conberne 
with glycolysis, will only be increased where there is a deficiency of phosphorus in the bo y. 
In phosphorus deficiency rickets it becomes more active and may remove phosphorus roi 
the skeleton, for the more important functions of the body. 

The common deformities met with in the patients studied were : Ankylosed knee joints, legs 
chest and hunch back. For illustration only two photographs of one patient are included which “ow • j,g„an 
of a woman aged 35, who was originally quite normal, had 4 normal pregnancies, then became osteo ’ 
to develop a hunch back and pigeon chest (Plate IV). Her legs and arms bconme-bent Ws 

is now a total wreck, all huddled up and unable even to crawl. She experienced a lot ol torture in p o 
and arms in the position shown. Several other similar cases were seen. 
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Plate IV. 



A typical case of an osteomalacic woman. 
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■ STUDIES ON CALGimi AND PHOSPHOEUS METABOLISM. 

Part III. 

HEPATIC INBEEICIENCY AND PICKETS. 

BY 

K. B. SEHPA 


AND 

BASHIR AHMAD. 

(From the Punjab TJnwersity Institute of Chemistry, Lahore.) 

[Hecewed for publication, December 11, 1944.] 

A NXJMBEE of investigators have reported cases of rickets which did not respond 
to moderately high doses of vitamin D, and massive doses of vitamin D had to be administered 
before effective results could be obtained (Bawdcin, Bodansky and Schorr, 1940 ; Albright, But- 
ler and Bloomberg, 1937 ; Park and Elliot, 1938). Gill (1939)' described _4 cases pf rickets 
in none of which he could obtain any evidence of malnutrition, lack of sunlight, calcium drain 
due to hyperparathyroidism, coeliac or renal disease, and in none of which did aDv of the 
known forms of therapy given over a period of several years produce evidence of healing; 

Greaves and Schmidt (1933) and Gerstenberger (1935) observe that in the absence of 
bile vitamin D was not absorbed from the gastro-intestirial tract. Buchbinder and Kern (1927, 
1928, 1928a) in their experimental work on the obstruction of the common bile duct in animals 
found that they developed after 70 to 80 days a high degree of rarefaction and other bony 
changes, showing that bile could indirectly affect the bones. Heymann (1937, 1938, 1938a) 
while studying absorption, excretion and the mode of action of vitamin D observed that the 
anti-rachitic efficiency of intramuscularly injected vitamin D decreased considerably in ricketic 
rats in which biliary cirrhosis, or degenerative changes of the liver had been produced. This 
author confirmed the observation of Gerstenberger (Toe, cit.) that impaired liver function was 
responsible for the decreased anti-rachitic efficiency of vitamin D. 

The enzyme phosphatase has been found to be intimately connected with bone-formation 
(Robison, 1923 ; Kay, 1930). Kay (loc. cit.) observed that blood-serum phosphatase was con- 
siderably elevated in a group of pathologic conditions affecting the bony tissues, such as local 
bone atrophy, generalized osteoporosis, osteomalacia, rickets and Paget’s disease, hlorris, 
Stevenson, Pedan and Small (1937) stressed the significance of plasma phosphatase in the 
diagnosis and prognosis of rickets. It was stated that plasma-phosphatase determination could 
detect the earliest manifestation. of rickets, where other methods of differential diagnosis and 
even a;-ray failed. The high level of blood-serum phosphatase in rickets has since been 
observed by a number of investigators. On the other hand it has also been found that the 
blood-plasma phosphatase was elevated in cases of liver injury and verj.^ striking results were 
obtained in obstructive jaundice (Bodansky and Jaffe, 1934 ; Armstrong, King and Harris, 
1935 ; Roberts, 1930 ; Greene, Shuttack and Kaplowitz, 1934 ; Freeman, Pingchen and 
Ivy, 1938 ; Sehra, Chopra and Mukerji, 1941). 

All this work points to a relationship between liver function, blood-serum phosphatase and 
bone development. Of particular interest is the rise -in blood-serum phosphatase in pathol- 
ogical conditions of the bony tissues, and in the cases of hepatic inefficiency. It was 
considered desirable to study further (a) the possible influence of liver inefficiency created 
artificially by the administration of hepatotoxic drugs of the type of carbon tetrachloride on 
the calcification of the hones and (6) the origin of the enzyme and its possible functions. 


Experimental. 

Experiments were carried out on guinea-pigs. Young healthy animals were kept 
in metabolism cages on a more or less constant colony diet consisting of eram, bran and leafy 
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vegetables, and tlieir weights were recorded twice weekly. No attempt was, however, made to 
keep thcni under controlled coinlif.ions of liglit. a’Jio ahimal.s were divided into three groups- 
(?} A group of 5 animals as- normal controls, ® ^ ‘ 

(m) a group of 5 animals wdiich received a rachitoirenic diet, . 

(in) A group of 5 ani?nals wliich were fed carbon tetrachloride. 


■ The batch of o aniumls ■which received the rachitogenic diet was kept in a darkened room, 
The rachitogenic diet consisted of : — 

Yellow maize ... ... GO 


YHioIe wheat 
Gelatine 

Calcium carbonate 
Common salt 


25 

10 

3 

1 


parts. 

parts. 

parts. 

parts. 

part. 


Tlie third group w'crc fed carbon tetrachloride, 0-2 c.o. per kilo body -weight, by means of 
a stojuach tube twice wceldy. The weights of the animals were regularly recorded. Whenever 
the animals showed toxic sym])toms or a tendency of sudilen drop in weight the administration 
of the drug was discontinued for a few days, and .started again when the animals regained their 
weights. The drug was regularly administered for two months, after wliicli the animals were 
killed and their bones e.xamined for rickets b}'^ line-test and by bone-ash methods. The results 
are summarized in Tables I, II and III : — 


Table I. 


(jroifp I. — Normal controls. 


Number. 

U^oight of 
bone. 

IVcight of 
bone ash. 

Percentage of 
bone n.sli. 

A/B* (degree 
of calcification). 






1 

4-9216 

^3-2613 

60-2 

1-96 

2 

5-7SG0 

3-6200 

62-5 

1-72 

3 

0-1070 

3-5200 

67-7 

2-90 

4 

5-6060 

3-5510 

64-4 

1-Sl 

5 

5-2438 

3-6731 

6S-1 

2-13 ! 



Table II. 


1 


Group 11.- 

—Nacldiic control animals. 


Number. 

\ 

Weight of 
bone. 

Weight of 
bone ash. 

Percentage of 
bone ash. 

A/R* (degree 
of calcification). 

1 

1-4620 

0-9000 

Gl-60 

1-60 

2 

2-1365 

1-0966 

• 51-30 

1-05 

3 

1-G711 

0-9021 

63-80 

1-17 

4 

2-1830 

1-2332 

56-02 

1-30 

5 

1-2706 

0-6818 

53-54 

1-15 


Weight of the bone ash — _ 

♦Degree of calcification A/B ^-^iveight of the defattedbones^eighT of th^ne ash 
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Table III. 


Group HI. — Eocperimental animals fed, COI4 for one- month. 


Number. 

Number of 
feeds of CCl,. 

Weight of 
bones. 

Weight of 
ash. 

Percentage 
of ash. 

A/R. 

1 

5 

1-2500 

0-7306 

58-40 

1-40 

2 

4 

1-9S12 

1-0807 

54-50 

1-20 

3 

4 

• 1-4313 

0-9250 

•64-60 

1-83 

4 

6 

1-0300 

0-C393 

63-SO 

1-52 

5 

8 

0-9850 

0-6148 

6-2-40 

1-66 


The results summarized in the above tables show that in the animals of group II, namely 
in the rachitic controls, both the percentage bone ash and degree of calcification were definitely 
lower than those of group I, the normal controls. In animals of group III the percentage of 
bone ash was not so low when compared with animals of group I, but the degree of calcification 
was significantly lower than that obtained with the normal animals. Excepting the third 
animal in Table III, all the other animals in this group which were fed carbon tetrachloride, 
show a poorer degree of calcification of their bones. The values of A/R in these animals are 
comparable with those of rachitic controls shown in Table II. That this impaired calcification 
of the bones in the animals fed carbon tetrachloride was actually due to the formation of rickets 
or merely decalcification of the bones could not be definitely ascertained. All the 5 animals 
gave negative line test for rickets. Eor want of a:-ray facilities it could not be definitely 
decided whether this impaired calcification was rachitic or of the type of osteoporosis or merely 
decalcification of the bones. 

This experiment was again repeated on another group of 12 animals. All the animals 
received the normal stock diet of the laboratory, which consisted of gram, bran and 
leafy vegetables for the first month. The animals were fed carbon tetrachloride as usual for 
a total period of two months, hour animals, however, at the end of one month received a 
modified diet in which gram was replaced by oats. The results of this experiment are shown 
in Tables IV and V : — 


Table IV. 


Number. 

Number of 
feeds of CCl,, 

Weight of 
bones. 

Weight of 
ash. 

Percentage 
of ash. 

A/R. 

1 

1-2 


0-9266 

0-5833 

, 62-90 

1-70 

2 

13 


0-9921 

0-6350 

64-14 

1-78 

3 

12 


0-8213 

0-5289 

64-50 

1-82 

4 

14 


0-7740 

0-4922 

63-50 

1-74 

5 

12 


1-0S12 

0-6904 

63-SS 

1-77 

6 

13 


1-0121 

0-6465 

63-88 

1-77 

7 

12 


0-9750 

0-6052 

62-05 

1-64 

8 

11 


1-965S 

1-2510 

63-60 

1'75 
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Table V. 


Number. 

Number of 
feeds of CCl,. 

\Vcight of 
bones. 

Wciglit of 
bone nsb; 

Percentage of 
bone nsh. 

A/R. 

1 

12 

2-J87(> 

1-4075 

. oC-GO 

. 1-30 

2 

12 

1-1402 

0-(i002 

58-77 

1-43 

:j 

1:5 

0'7!)10 

0-4800 

00-70 ' 

1-55 

4 

11 

1-2:508 

0-7091 

02-00 

1-01 


The results suinniarized above again sliow a significant!}' lower bone ash as well as A/K 
values in contrast to normal controls jiresentcd in Table I. The values of the bone ash shown 
in Table V, i.e. of the grou]) of animals fed on the oats diet in addition to the hepatotoxic 
drug showed a much greater marked lowering of the percentage of bone ash, as well as 
lowering in the degree of calcification. Excepting animal No. 1 in Table V, which showed 
only slight positive, all the animals gave negative line test for rickets. It is, however, obvious 
that something has gone wTong with the process of calcification. 

In order to test whether the results recorded in Tables III, IV and V were statistically 
different from those in Table T, their variances and values of ‘ t ’ liave been determined. The 
values of A/R on comparison between Tables I and III, show that for 9 degrees of freedom the 
value of ‘ t ’ comes out to be 3' 15 indicating that the two sets of animals show a statistical 
difference at 2% level. Comparison of Tables T and IV shows that the value of t is 
3'3894 which is significant at 1% level for the degree of calcification. 


Discussion. 

It has been shown by Freeinau, Pingchen and Ivy {loo. cit.) aiid Selira, Chopra and Maker 
ji (foe. cit.) that in practically all types of liver injury artificially induced, whether , 

toxic drugs, leptospiral infection, partial or complete obstruction of the common i e u , 
an increase in blood-serum phosphatase level occurs. The observations of 
and Robison {loc. cit.) again show that the serum-phosphatase values are ^ 
of pathologic conditions affecting the formation of the bones. As a result of the ^ j 
of carbon tetrachloride, in our experiments, to the animals there occurred a rise m ® 
blood-serum phosphatase and it is, therefore, possible that the rise in phosphatase + gg 

the change in the calcification of the bones. It is probable that the level of enzyme p ° ‘ 

in the tissues, which is concerned with the breakdown of the complex organic p 1°^? .,^55 

simple inorganic salts, is intimately connected with the function of the inoraanic 

the phosphatase consequent to the liver damage leads to a greater produc ion „ ■ 
salts in the blood and their increased excretion. This process may lead gjte of 

certain phosphorus compounds essential for the precipitation of the calcium sa , 
bone-formation. This process may retard calcification as such or even help n , 
mechanism by upsetting the local condition. At the same time . p different 

at the site of bone-formation will lead to disturbance in the and c*'!" 

mineral salts, which are responsible for the effective deposition of calcium p i p ‘ j.gj^^aine4 
cium carbonate. Cases are on record that when the T,ave occurred 

high for a pretty long time as in chronic obstructive jaundice, skeletal deto 
M the result of that (Fraucie Braid, 1939). It has been reported that msuehcas^r ^ 

D in ordinary therapeutic doses was not effective. Large amounts ^ ‘ favourable to 

administered to effectively lower the phosphatase level ““^ Jiments of Cortel 

calcification. Further support to this view has been A- L on the action of 

and Wise (1939) who have shown that vitamin D has an inhibitory p]jos- 

;h^2se and the efficienpy of tte anti-raohitic vitamm -fXSteed which will bring 
phatase level. Unless sufficiently high doses of vitamin D are adm 
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dowii tlie level o£ i^liospliatase to tlie normal limits tlie anti-racliitic effect of vitamin D is not 
exhibited. 

It appears, therefore, that the enzyme phosphatase and the functions pf the liver are 
intimately related. Guttman et al. (1940), observing an increase in phosphatase in almost all 
cases of skeletal diseases where no involvement of the liver was present, seem to believe that 
liver has no relation to phosphatase. As a matter of fact in both conditions phosphatase 
levels are affected. Increase in phosphatase seem to occur as a result of changes in the process 
of glycolysis. Liver damage markedly affects this process. In skeletal diseases the process 
of glycolysis' is' affected indirectly by upsetting the mineral balance. In infections there is a 
local rise in the level of serum phosphatase which rises as the result of the effect of those 
infections upon the process of glycolysis. Due to local increase in phosphatase, the enzyme 
at times leaks into the blood stream and raises the value of phosphatase in the blood serum. 
It may not be out of place to mention here that there are cases described by Woodard and 
Higginbothom (1941) of different tj^es of osteogenic sarcomas where the blood-serum 
phosphatase values were only normal, and some osteogenic sarcomas produce phosphatase 
which enters the circrdation and can be measured in the serum. 

Further work is in progress to study as to what type of changes take place in the 
calcification of the bones, by the damage to the liver. 


Summary. 

1. Bone-ash determination and degree of calcification have been studied in guinea-pigs 
whieh were fed carbon tetrachloride to produce liver damage. It has been observed that the 
degree of calcification is lower than normal controls, and that this difference is statistically 
significant. 

2. The addition of oats to the normal stock diet had an additive effect upon the de- 
calcifying action which is the result of the liver damage. 

3. The importance of phosphatase and its possible role in bringing about skeletal 
changes is discussed. 
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'Changes in iDones and teetli of rats due ta experimental fluoride poisoning have been 
studied by numerous investigators (McCollum et al., 1925 ; Scliour and Smith, 1934 ; Phillips 
and Lamb, 1934 ; Sutro, 1935 ; Eoholm, 1937). The present paper compares such lesions in 
experimental animals with pathological changes in adult rats suffering £rom_ ‘ spontaneous ’ 
fluoride poisoning. The available literature contains no reference to this disease occurring 
naturally in these animals. 


Clinical history and, symptoms of affected rats. 

The affected rats showing protruded incisor teeth were received from the Director, 
Imperial Agricultural Research Institute, New Delhi. In a breeding stock of 80, sis rats 
(5 females and one male), aged 6 to 10 months, were found to be affected. 

The stock diet was composed of : sprouted gram 680 g., wheat bran 200 g., barley malt 
480 g., milk 5 11)., vegetables 1 1 lb. and water adlib, for a stock of 74 rats. Green vegetables 
given were different every day. 

The first series of cases which occurred in June 1942 were rep>orted to have shown 
improvement when put on a diet from which barley malt was eliminated. This modified 
diet, however, did not seem to prevent the recurrence of the disease in the same rats during 
the summer of 1943. 

All the affected rats showed ruffled and coarse hair and assumed a crouching position. 
The gait was unaltered but the animals were less active than normal. The incisor teeth in 
the first series of cases showed only slight protrusion (Plate V, fig. 1) with an irregular colour 
of the enamel and with the cutting edges blunter and more spatulate than normal, while 
in the second series of cases the normal orange-brown translucent enamel of the incisors was 
replaced by streaks and spots of chalky-white enamel (Plate V, fig. 2). At places this was 
transformed into dull-white diffuse areas, with a coarse and corroded surface. In one rat the 
overgrowth of the upper incisors had resulted in an extreme backward curvature tending to 
form complete circles with the points of the teeth thrust against the zygomatic arches on either 
side. The lower incisors were also elongated and showed considerable lateral deviation. 


Biochemical. 

The fluorine contents of food and water, as well as of bone samples from three cases of 
the first series, are given below : — 


1. Gram 

2. Barley 

3. MTieat bran ... 

4. Water 


Pood and water. 


... 4-32 
... 3-3S 
... 7-90 
... 0-36 


mg. 


99 


per kg. 1 

,, „ j- On dry matter basis. 

99 * 

„ litre. 


Bones. 


Case No. 1 
Case No. 2 
Case No. 3 
Samples of milk and 


/4-3 mg. per 100 g. fat-free bone. 

43-2 

07.P ” ” ” ” 

^ 99 59 99 99 .j ,, 

vegetables could not be analysed owing to putrefaction 
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Explanation of Plate V. 

Fig. 1. Eat showing moderate elongation and curvature of the upper incisors. The cutting 
edges are more blunt and spatulate than normally. 

„ 2. Eat showing extreme elongation and curvature of the upper and the lower incisors, 

- Note the presence of white streaks and spots on the labial surface. 
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Explanation of Plate VI. 

Fig. 3. Longitudinal section of the lower extremity of the femur showing resorption of 
trabeculse, breaches in the epiphyseal line of cartilage and tongue-like projections 
from this line in the metaphysis undergoing ossification. X 250. 

„ 4. Longitudinal section of the diaphysis of the femur. The compacta contains more 

osteoblasts than osteocytes, and stumpy trabeculie arising from it show accumula- 
tions of osteoblasts at their bases, x 50. 

„ 5. Longitudinal section of the femoral crest showing numerous fine dark-staining 

granules in the bone matrix, and around the pyknotic bone-cells, x 200. 
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Explanation op Plate VII. 

Fig. 6. Longitudinal section of tlic sternum showing thickly interwoven trabeculae and 
intra-trabecular spaces containing fibrous marrow. X 50. 

„ 7. A ground preparation of the upper incisor tooth showing hypoplasia of the enamel 

organ. X 160. Staining with silver nitrate. 


I 
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Explanation op Plate VIII. 

Fig. 8. A ground preparation of an upper incisor ^tooth. Note the presence of lighter 
staining and darker staining areas suggesting irregular deposition of calcium in 
the enamel organ, x 250. Staining with silver nitrate. 

„ 9. Cross section of an upper incisor tooth showing calcification of the .dentine . in 

parallel stratified lines. Other part of this structure shows calcification in 
globules. Inter-globular spaces are prominent, x 160. 
j, 10. A ground preparation of an upper incisor tooth showing irregular width of the 
pre-dentine and the waA’y boundarj' line between dentine and pre-dentine. 
X 250. 
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Post mortem. 

The softer organs showed no specific clmnge, Init the bones were brittle and chalky-white 
in appearance. Signs of gross abnormality were present in the coliinma of one case the 
dorsal vertebrae showing a lateral curvature and irregular thickenings, Tlie long bones showed 
no exostoses but appeared to be stouter than normal and the bony tuberosities and crests were 
over-prominent. The calvarium in one case of the first series was thickened and more opaque 
than normal owing to a chalky-white coating on its inner surface, . 


HislopalJiologij. 


Pieces of femur (lower end), rib, vertebraq, calvarium and sternum were decalcified in 
5 per cent nitric acid and sections prepared by the usual methods. 

F emur . — Tlie epipliyseal cartilage showed a varying degree of ossification with the result 
that only a vestige^ of this line was left intact and in this the columnar arrangement of 
cartilage cells had disappeared. There was practically complete disappearance of the older 
trabeculfe in the metaphyseal region, where the cellular marrow contacts .the remaining 
^epiphyseal line. Tlie earlier changes were apparentl}” characterized by tongue-hke projec- 
tions or the epiphyseal cartilage into the metaphysis, as remnants of cartilage 
uiKlergoing ossification were found in the latter region (P’late VI, fig. 3). In the main, the 
pathological picture was one of osteoporosis of the sub-chondral spongiosa, since resorbed 
trabecul® were still to be seen in tlie metaphyseal region. Tlie compacta at the level of the 
metaphysis and further down in tlie diaphysis showed irregular thickenings, giving rise at 
places to stumpy trabeculm projecting into the marrow cavity (Plate VI, fig. 4), These were 
found studded with cells devoid of lacunar spaces, indicating thereby their recent origin. No 
osteoclasts were seen but newly-formed trabecula? lined with osteoblasts were found at places. 
The compacta at the level of the femoral crest (Plate VI, fig. 5} showed uume.rous fine dark- 
staining granules in the lighter staining areas as well as around the pyknotic bone cells and 
the borders of the baversian canals. The bone-marrow was very cellular, the cells being 
chiefly myelocytes and well-formed erythrocytes. 

Rib . — ^The changes ob.served were more or less similar to tliose observed in the femur. 


Calvarwm and sternam . — These bones were composed of thickly interwoven trabeculffi 
and narrow interstices, the latter containing abundant fibrous marrow (Plate fig. fi)- 

Incisor teeth . — These tissues were decalcified in 5 per cent nitric acid and sections 
stained with hseuiatoxylin and eosin. To study changes in the enamel, the teeth were ground 
very thin and stained with silver nitrate. The characteristic features were hypoplasia of tjie 
outer pigment layer of enamel organ (Plate VII, fig. 7) and deficient calcification of enauie 
and dentine. The outer pigment layer appeared to he irregular and broken and at piaws 
devoid of pigment, and the irregular state of calcification in the enamel rods could be easiy 
demonstrated by silver nitrate impregnation (Plate VIII, fig. 8), The dentine, instead o 
being evenly calcified, appeared to be stratified in parallel lines near the pulp 
while further away the structure contained numerous globules and interglobular . 
(Plate VIIT, fig, 9), both these features indicating defective calcification. The noun a y 
line between pre-dentine and dentine was Avav}>- and the zone of pre-dentine was irregi 
and wider than normal (Plate VIII, fig. 10). 


Discussion.' 

Three points may be discussed ; (1) whether the condition here described can be 
to any other dietary factor, (2) whether the amount of fluorine f ® Sfnieous and 

sampies could induce pathological changes in bones and .teeth, and (3)_whethe Vitamin 

tiie dental changes observed correspond to those of experimentally of bones 

deficiencies- though known to bring about osteoporotic changes f f contained 

in rats and guinea-pigs (Hertz, 1936) may be excluded, as the ,°^”^itaminoses. 

adequate quantities of vitamins. Moreover, there were no other clmical g • i fo be 
With regard to calcium and phosphorus, the diet fed to our rats may be co 
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-inadequate, as these being the breeding stock, no mineral supplements -were given m order to 
meet the needs of pregnancy. Although trabecular resorption may be attributed to a certain 
extent to mineral imbalance, the teeth changes as described would be difficult to explain on 
the basis of calcium deficiency alone. 

On the other hand, the amount of fiuorine required to bring about characteristic changes 
in the teeth and bones of rats is extremely small. With a concentration between 0-0007 and 

0- 0014 per cent fiuorine in food, Smith and Leverton (1934) were able to detect teeth changes, 
whereas deEds and Thomas (1933-34) found the minimum toxic dose for rats to be 0-5 to 

1- 0 mg. per kg. body-weight daily. Erom the analytical figures of fluorine in food and water 
of our rats, Sie fluorine concentration in the diet is found to be O'OOOS per cent, and the 
daily intake per rat 0-4 mg. per kg. body-weight. These figures are exclusive of the amount 
present in milk and vegetables, and as obviously some amount of fluorine was available 
through these two articles of diet, the rats may be presumed to have received the minimum 
toxic dose of the mineral. The high fluorine contents of the bones of all three cases of the 
first series support this hypothesis. The normal fluorine content in the bones of rats fed on a 
low fluorine ration (3 p.p.m. fluorine) is of the order of 15 mg./lOO g. of fat-free bone, but in 
the three affected rats the figures varied from 37-6 mg./lOO g. to 74-3 mg./lOO g. of fat-free bone. 
From these figures it appears that the rats were receiving a diet containing approximately 
8 to 12 p.p.m. of fluorine (cf. EUis and Maynard, 1936), a dose which may definitely produce 
characteristic lesions in bone and teeth. In the pathogenesis of fluorine intoxication the 
role of calcium or the relative proportion of calcium and phosphorus in the diet has recently 
been emphasized by several investigators. The basal diet composed of cereal grains fed to 
our animals may be said to be rich in phosphorus and deficient in calcium. The calcium, 
available through milk and-vegetables also fed to our animals may be said to have corrected 
the prevailing imbalance to a certain extent, but stUl not provided for the need of pregnancies 
in the case of the affected female rats. .If an excess^ of calcium in the food resulting in 
positive calcium balance has a protective action against fluorine intoxication, this factor 
may be said to be entirely absent in respect of our rats in which 0-0005 per cent level of 
fluorine could be considered sufficient to precipitate the characteristic lesions and symptoms 
of fluorosis. 

Before comparing the histopathological picture of these spontaneous cases with those 
observed under experimental feeding with fluorine compoimds, it may be remarked that the 
lesions encountered by various investigators in the osseous tissues have not always been 
consistent. Thus, while some investigators (Bethke et al., 1933 ; Phillips and Lamb, Joe. ait.) 
found the bones of fluorine-intoxicated rats to be normal, others (Dittrich, 1932 ; Sutro, 
Joe. cit. ; Roholm, Joe. cit.) found marked changes, varying from osteoporosis to osteosclerosis, 
on various levels of fluorine intake. 

In histological details the natural affliction as described in this paper corresponds very 
closely with experimental fluorosis. The presence of irregular endosteal thickenings of the 
diaphyses and the fibrous replacement of marrow spaces in the calvarium and sternum are 
suggekive of typical osteosclerosis. The osseous changes, taken in conjunction with the 
gross and histological appearances in teeth as described above, are overwhelming evidence 
in support of the diagnosis of fluorine intoxication in these rats. ° 


Stjmjiaby. 

1. A condition in rats, characterized by protrusion and mottling of incisor teeth 
has been diagnosed from histological examination of teeth and bones as fluorine 
mto.vication. 

2. The condition had occurred spontaneously in a colony of rats maintained on a diet 
from which the ammab were presumably ingesting a toxic dose of fiuorine. The fluorine 

rTli^Srhie rai 

.s.sco.esp„.„ 
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[Received for publication, 5iay 22, 19^.] 

Introduction. 

Rhubarb {Rheum), aloe, cassia (senna) and cascara {Rhamnus) have been used in 
therapeutics as mild irritant laxatives. . 

As early as 1898, Tschirch and his pupils demonstrated that these aperients contain deriva- 
tives of hydroxymethylanthraquinones, either in the free state or combined as glucosides. 
Gruber, Bryan and Richardson (1932) have demonstrated in dogs that the anthraquinone 
glucosides of cascara, rhubarb and aloes produce increased peristalsis of the ileum when given 
intravenously, the average dose being about 5 mg. per Idlo body-weight. Similar effects of 
parenteral administration of emodin cathartics, have been reported by Dixon (1902) and others. 
In the usual therapeutic doses, however, all the hydroxymethylanthraquinone derivatives act 
mainly on the large intestine. The individual variations shown in the action of these purga- 
tives is probably due to the chemical structure of the hydroxymethylanthraquinones, the 
lability of the glucosidal complex in the intestinal juice and the presence of tannins and other 
extractives in the drug. 

The assay of these purgatives by biolqgical methods is attended by certain difficulties^. 
With the exception of cats, the common laboratory animals are not very suitable for the 
investigation of these anthraquinone purgatives (Sollman, 1942). Even in cats the method 
of evaluation of the purgative potency is time-consuming and can^only yield quahtative 
values. 

The British Pharmacopoeia (1932) describes the botanical character of rhubarb and 
mentions the ash content and the alcohol (45 per cent)-soluble extractive as criteria of its 
purity. As regards aloes, cascara or senna, no methods are laid down for their assay and the 
ash and extractive serve only as guides to their purity. 

The experimental difficulties about the biological assay, coupled with the fact that the 
hydrox}miethyIanthraquinones, either in the free state or in combination, are the active 
purgative principles of all these drugs, led us to investigate whether any correlation could be 
established between the content of hydroxymethylanthraquinones in these drugs and their 
purgative action. This would naturally lead to a method of chemical assaj' which would be 
_ very simple to carry out and would yield quantitative values. In the present paper, we 
have confined ourselves to the results on rhubarb, and we are continuing our investigation on 
other anthraquinone drugs available in India. 

Chemical assay . — ^Tschirch and Edner (1907) have described a method for the estimation 
of the total hydroxyantliraqumones (free and combined) in rhubarb. The method is not only 
reliable but is simpler and quicker than those described earlier and has lieen followed in detail 
in all our estimations. 


J, MR 
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Ill addition to i.lie estimat ion of hydroxymetliidnntlimqninones. an estimation of tlie 
content of tannins was carried out. in order to see wlietlier part of t]ie variation inphysioloinca! 
action could lie explained by variations in these. The tannin content was estimated by the 
copper-acetate nietliod (Meyer’s process). The moisture, asli and alcohol-soluble extractives as 
required by B. P. were also estimated : the results of analysis are presented in Table III. 

PJiarimcohcjical assaj /. — Preliminary experiments with rabbits confirmed the findings of 
earlier workers that these animals were useless for purgation experiments; guinea-pigs wte 
also found unsuitable. Preliminary tests jiroving successful, cats were finally selected for 
assaying the purgative potenci' of the anthracene purgatives. Cats between P5 kg. and 3'oi'g, 
were selected ; they were kejit and observed in the laboratory for 2 weeks before being iisek 
The food, supplied once a day at 11 a.m. to the.se cats, was kept uniform throughout and 
consi.sted of boiled rice (90 g.). boiled fi.sh (90 g.) and milk (00 g.). The quantity, consistency, 
colour and number of stools were noted very carefully every dav. Usually these cats fed on 
laboratory diet and kept under lalroratory conditions ])asscd one slate-coloured scybalous 
stool about 25 g. in weight in 2'j to 48 hours. The drug preparation in the required dose was 
.suspended in about ten millilitres of tap-water, and was given by stomach tube usually at 
3-30 p.m. in the afternoon. The number, quantity, consistency and colour of the stools were 
noted until the return to the original consistency usually' within 2 to -1 days after giving tbe 
drug. 

Two series of experiments were jmrformcd. In the first .scries (A), the animals were given 
an amount of alcoholic (9n per cent) extract calculated to contain 5 mg. of hydroxy- 
methylanthraqiiinone, expressed as cliry.sophanic acid, per kg. body-weight. This extract 
was prepared by exhausting the powdered drug witli 90 per cent alcohol and concentrating to 
the known strength. The calculated amount was evaporated in a water-bath and the residue 
suspended in about ten millilitres of water with mucilage. At least two such feeding expen- 
ments were done with each sample of extracts of different rhubarb specimens. 

In the .second series (B) the animals were given 3 g. of the finely-powdered drug .suspended 
in water. Preliminary experiments with conr.se powder and in 1 g. to 2 g. dose were nor 
notably effective. 

Results are presented in Tables I and II. 

In Table III the relevant chemical composition of, and the pharmacological effects 
produced by, the different samples of rhubarb Irave been presented for ready comparison. 

The notation (plus signs) is arbitrary and indicates the duration of purgative effect and 
fluidity of stools. 


- Dlscussion. 

Rhubarb and its preparations are used in medicine for two purposes. In small doses 
(0'05 g. to 0’3 g.) the powder is used as an astringent in gastric catarrh and diarrhma. 
astringent action is due to tlie tanuin that all rheum preparations contain. Larger 
to 5 g.) are used for laxative effect in occasional constipation followdng indigestion, 
in habitual constipation has also been suggested though the post-purgative cons ipa 
effect should contra-indicate it,s use in this condition, 

The dose of anthracene purgatives in cats is ecjual to that used in man (Sollniam 
In doses less than 1 g. in the experiments reported in this paper, the different rhubar p 
produce a constipative effect. In doses varying between I g. and 3 g. (equivalent to 
30 mg. chrysophanic acid per kg. body-weight) all the rhubarb powders produce a P 
effect. As expected, the effect with the bigger dose, except in the case of from 

with the highest tannin content, is more intense and prolonged. .It will be c . 
Table III that the samples (Sikkim L. I and L, II) containing the smallest amoun 
produced the most prolonged action. _ _ „ + nins in die 

With the alcoholic (90 per cent) rhubarb extract which contained the an 
dose 5 mg. per kg. body-weight, the purgative effects of Sikkim G. I and G. 1 we 
prolonged ; the tannin contents of these two samples are intermediate between The 

L. I and L. II on the one hand and European and_ Chinese rhubarb on i 

purgative effect of the last two varieties (European and Chinese) containing the g . j,}jul)arh. 
of tannin is intermediate in action between those of the L. and G. varieties o > 
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Sikkim G. II 



I'able lii. 


Source. 

Jloisture, 
per cent. 

Ash, 
per cent. 

45 per cent 
alcohol 
e.vtractive.. 

Hydroxy- 

methyl- 

anthra- 

quinoue. 

Tannin, 
per cent. 

Laxative eflect 
90 per cent 
.alcohol extract 
5 mg, chryso- 
phanic acid per 
kg- 

Laxative eSect 
powdered drug 
in 3 g. 

Dose 20 to 30 mg. 
chrysophanic 
acid per kg. 

European 

, , 

6-40 

8-50 

36-96 

2-38 

16-38 

+ + + 

Slight. , 

Chinese 

. . 

5-36 

16-00 

41-60 

2-64 

13-50 

+ + + 

✓ 

+ + + 

Sikkim L. I 

. . 

5-45 

10-73 

43-28 

3-21 

9-30 

+ + 

+ + + + 

Sikkim L. II 

. . 

4'75 

19-00 

29-76 

2-78 

9-00 

+ 


Sikkim G. I 


6-25 

17-50 

20-40 

2-43 

10-62 

+ -(- + + 

++ 

Sikkim 6. II 

•• 

4-94 

34-50 

9-60 

1-98 

11-21 

+ + + + 



2fole. — B. P. limits : ash not more than 15 per cent ; alcohol (45 per cent)-soluble extractive, not less than 
36 per cent. 


Uutil more is known about the enzyme lability of the hydrosymethylanthraquinone glucoside 
of the Sikkim L. varieties, it is difficult to explain the less marked purgative effect of these two ' 
samples containing the smallest amount of tarmin. It may he due to too rapid liberation of 
the active anthraquinone derivative in the gut when the alcoholic extract is given, facilitating 
absorption into the blood stream and consequent diminution of the effect on the large intestine 
(Dixon, 1936). When given in bulk in powder form, the other inert and colloidal ingredients 
prevent this rapid liberation and consequent absorption in the upper portion of the small 
intestine. 

The results of these experiments prove beyond doubt that the purgative effect of 
rhubarb in the usual cathartic dose of 1 g. to 3 g. is dependent more on their hydroxymethyl- 
anthraquinone content than on the amount of alcoholic (45 per cent) extractive present in 
them. The astringent effect of rhubarb is due to tannin, and all the six samples tested , 
contained sufficient tannin to exert the binding action for which they may be used in the 
constipative dose. Judged by the British or the United States Pharmacopoeia standards of 
purity of rhubarb, the Sikkim L. II, G. I and G. II would have been rejected on both coimts — 
the ash content being too high and the extractive being too low. As has already been 
mentioned, pharmacologically these are, however, as good as the usual European and 
Chinese rhubarb. Sikkim L. I rhubarb satisfies the British Pharmacopoeia standard and is 
also pharmacologically effective. 

It is, therefore, suggested that the official standard of purity for rhubarb should be modified 
in the light of these findings. A hydroxymethylanthraquinone content not less than 2 per cent 
may be fixed as standard of purity for the present until more samples are tested. 

SUMJIAUY. 

1. The hydroxymethylanthraquinone content of rhubarb obtained from various sources 
[European, Chinese, Sikkim (4 samples)] has been estimated. 

,2. The hydroxymethylanthraquinone content of rhubarb is a correct indication of the 
purgative potency. The purgative effect of these different rhubarb samples have been tested 
on cats, and it has been found that the effect is related to the hydroxj-methylanthraquinone 
content. Samples of rhubarb containing about 2 per cent, of hydroxymethvlanthraquinone 
even though they contain alcoholic extractive far below the minimum B. 'P. standard are 
pharmacologically as effective as any B. P. standard rhubarb. ’ 

3. A modification of the present pharmacopoeial standard of purity of rhubarb is 
suggested. ^ -i 
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We are much indebted to Mr. J. K. Laliiri, (Loud.), Chemist, Indigenous Drugs 
Inquiry, Indian Research Fund Association, for the cliemical analysis of the different samples 
of rhubarb. 
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In the British Pharmacoposia (1932) it is recommended that adrenaline should he 
dissolved in an aqueous solution containing 0'9 per cent sodium chloride, 0‘5_ per cent 
chlorobutol and almost the theoretical amount of hydrochloric acid. The solution should he 
kept in a well-filled, well-closed container, protected from light and stored in a cool place. 
Our experience in this direction for the last few years tends to show that such a solution 
cannot maintain the usual biological activity of adrenaline as determined on a decapitated 
cat. On long storage such solution develops a colour and often gives rise to a precipitate. 
The recent researches of Richter and Blaschko (1937, cf. also Bergel and Morrison, 1943) 
tend to shorv that the above phenomena are due to the gradual formation of adrenochrome 
(I) due to the oxidation of adrenaline molecule. It has, however, been noticed ' that 
even the solution which does not contain any precipitate, nor has developed any appreciable 
colour, does not maintain its original potency. 



Me 

(I) 


The presence of a bisulphite ion in the solution has been noticed by Sjogren and Larsson 
(1936, cf. also Woolfe, 1941) to prevent the formation of a colour. Yery recently, Richards 
(1943) has pointed out that sodium bisulphite increases the toxicity of adrenaline. Purther- 
more, it is a common belief that adrenaline tartrate is more stable than adrenaline 
hydrochloride. Considering all these points certain investigations have been carried out in 
this Laboratory, which are now recorded in this paper. 


Experimental. 

At first a usual liquor adrenalinte hydrochloridi was prepared and incorporated with ' 
0 1 per cent sodium metabisulphite as this has been recommended in preparing an injection 
of procaine and adrenaline in the 4th Addendum to B. P., 1932. This solution was sterilized 
and filled into ampoules according to B. P. The ampoules used in the experiments passed 
the usual B. P. test for surface alkalinity of glass. These were then left aside in a dark-room 
and maintained at room temperature (25°C. to 30°C.). From time to time these were 
taken for chemical, physical and biological observations. The results obtained are recorded 
in Table I. _ - 

It has been previously shown by Basu, Ganguly and Bose (1944) that the preservative 
chlorocresol promotes the oxidation of the adrenaline umlecule more than chlorobutol. The 
influence of sodium bisulphite has again been noticed in the course of the present work. For 
this adrenaline (Od g.) was dissolved in freshly boiled water (100 c.c.) containing molar 
amount of sodium bisulphite in an atmosphere of carbon dioxide and the pH was adjusted 
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Effect of storage at room temperature {2i)°C. to 30°C'.) of liquor 
adrenalime hydrochloridi with O'l per cent sodium 
metahisulpMte ; q)H of the solution was 2-0. 


Number of 
experiment. 

Periof] of 
storage. 

Potencj' bj’ 
bio-ns'sny, 
per cent. 

Pliyaical characteristics 
of the solution. 

1 

XU 

100-0 

('oloiirles.s. 

o 

4 months 

S3-0 

If 


d .. 

T2-0 

Slight pinkibh. 

4 

s 

G5-0 

Pink. 

ii 

1 1 yea ry 

•lS-4 



a 

•It-:! 

Dark rod u ifh ])rceipilatc. 


to cff. 6‘D with sul])lmr dioxide in one case and to 2‘8 in another. The solutions were tlieii 
sealed in neutral glass-aiupoulcs. The potency of each ampoule was noticed and found to 
be eent per cent by the usual bio-assay method. The ampoules were then heated m a 
water-bath at 80°C. for 100 hours. No change in colour was noticed in these cases 
after heating, but tlie potency on biological assay on a decapitated cat was found to oe 
practically nil in the former and only 45 per cent in the latter. The data recorded m 
Table II are from the average of three experiments ; — 


Table TI. 

Change in adrenaline (O'l q)er cent) solution in water with 
sodium nielabisulphitc (O'OoG per cent) when heated 
at 80°C '. ; initial potency : 100 ^^er cent. 


Number of 
experiment. 


pH. 


Potency. Physical character. 


1 

6-6 

Nil 

Colourlc.ss, 

2 

2-8 

45 

IJ 


To aee whether any other acid can prevent the deterioration of of water 

adrenaline solution was made as usual by dissolving O’l g. adrenaline in 1 i’ ‘ylicacid. 
containing the molar amount of camphoric, tartaric, cinnamic and 'glerile air 

Each of these solutions was then taken in a neutral glass-cont^ner and us 
was passed through it intermittently'^ at room temperature (25 0. to oO v.) 
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of 56 Iioiijs during a week. The alterations in pH, the changes in colour, formation of any 
precipitate and the loss in potencj’^ are recorded in Table III : — . ' . - 

Table III. 

Change in adrenaline solution prepared from organic acid. 


I^umLer of 
experiment. 


Solution. 


Potency. 


pH. 


Original. 


After 

aeration. 


Other change. 


1 

Adrenaline camph orate , . 

5‘6 

100 

57‘1 

Colour; precipitate. 

2 

. Adrenaline tartrate 

3-9 

100 

86-6 

39 33 

3 

Adrenaline cinnamate 

2-8 

100 

80-0 

Colour. 

4 

Adrenaline coumarin-3-carboxylatc . . 

5-3 

100 

Go'O 

Colour; precipitate. 


Discussion. 

From the data recorded in Table I it is evident that adrenaline in solution undergoes 
some deterioration. The oltservations {vide Table II) with bisulphite salt tend to indicate 
that the bisulphite ion has a di-ect influence in lowering the potency of adrenaline. Since 
sodium bisidphite has also been found to increase the toxicity of adrenaline solution (Richards, 
foe. cit.), it is a question whether any alkali metal salt of a sulphurous acid should be mixed 
with any preparation containing adrenaline. In British Patent 440968, a salt of adrenaline' 
from coumarin-3-carboxyIic acid has been described. In the ej^ectation that this salt may 
be more resistant, this compound wa's prepared and its stability studied alontr with other 
organic acid (like camphoric, tartaric and ciimamic) salt of adrenaline. Table III indicates 
that mere incorporation of an organic acid cannot stabilize the adrenaline solution. During 
the course of the investigations it has always been noticed that a pH more than 3-0 and less 
than 1‘8 tends to promote alteration in the activity of the solution more quickly. 

SuilMARY. 

1. Adrenaline solution as described in the British Pharmacopoeia (1932) does not remain 
stable when incorporated with sodium bisulphite. 

2. Sodiurn - bisulphite lowers the physiological activity of the adrenaline solution. It 
should not be incorporated in any adrenaline preparation. 

the solution ^ formation of an organic acid salt of adrenaUne does not ensure the stability of 
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Inula royleana is a stout perennial shrub belonging to the family Compositw. It grows 
on the western temperate Himalayas at altitudes of 7,000 to 12,000 feet above sea-level. 
It is common in Kashmir and is known as ‘ Mallin ’. In the Punjab it is called Mullun ’. 
The plant is considered to be poisonous and is used by Vaids and Hakims as a disinfectant 
and as an insecticide, and is commonly used against the head louse. It is also used as an 
application in boils, inflammations, etc. 

Che:\iical composition. 

The plant does not appear to have been investigated before. Por a systematic chemical 
examination 60 g. of the powdered root were successively extracted in a Soxhiet with different 
solvents as under : — 

Petroleum ether P79 per cent, sulphuric ether 2’08 per cent, chloroform 8'44 per cent, 
ethyl acetate 1T7 per cent, alcohol 10'6 per cent. 

The petroleum-ether extract showed the presence of a pale-yellow fixed oil and a small 
quantity of oleoresinous matter. 

The ether extract gave further amounts of resinous matter and gave indications of the 
presence of traces of alkaloids. 

The chloroform extract showed the presence of a fair amount of a bitter substance which 
gave copious precipitates with alkaloidal reagents. Ethyl-acetate extract also contained 
traces of a substance of alkaloidal nature and resins. The alkaloid fraction was separated 
from the chloroform extract and found to be soluble in nearly all organic solvents. It had a 
bitter taste and could not be easily crystallized. 

The alcoholic extract contained some tannins and colouring matter. Ho substance of 
glucosidal nature was found to be present. 

One hundred grammes of the powdered roots were steam-distilled but no essential oil 
was obtained. 


Isolation and purification of the alkaloid. 

Eive pounds of the powdered drug were percolated with 90 per cent alcohol and the 
solvent was removed under reduced pressure. The concentrated extract was mixed with 
sufficient quantity of slaked lime (20 per cent of the weight of the material) and dried. The 
dry mass was powdered and extracted by percolation with ether in the cold. The solvent 
was removed, the alkaloid was dissolved in absolute alcohol and treated with animal charcoal 
After concentration and allowing the solution to stand for some time, the alkaloid separated 
as a white crystalline substance. It melted at 120°C. to 12rC. ' The total quantity of 
alkaloid obtained amounted roughly to 3 per cent of the dried roots. After separation of 
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tlie ciystals there remained behind a ginniny substance wliicli prevented further crystallization 
This gummy substance also gives precipitate with some alkaloidal reagents which diftei 
from the crystallized portion. Its physical jmoperties and nature are under investigation. 

Properlies.— The alkaloid base occurred in the form of fine needle-shaped crystals when 
examined under the microscope (.src Plate JX). It has a very bitter taste. It is soluble 
in nearly all organic solvents except petroleum ether and gives a faint-violet fluorescence. 
It is very slightly soluble in water to which it imparts a faint bitter taste. It gives 
precipitate with all the alkaloidal reagents, but no colour reaction with mineral acids It 
crystallizes readily from ether and alcoholic solution, but not so from other solvents. It 
has distinctly basic properties and forms salts with mineral acids but attempts to crystallize 
these failed. The only crystalline salt it formed was the gold salt, which occurred as beautiful 
leafy stellate crj-stals. The specific rotation of the alkaloid in absolute alcohol solution 
is (L) 17 — 12-5. 


The proximate anabasis of the alkaloid gave — 

C 

H ■ 

0 

X 


Per cent 
G2T7 
S)-45 
25-2.3 
3-51 


from which the emirirical formula was found to be C^i H 3 S Og N — 4li0. 

Gold salt. — This Avas prepared by adding a two per cent solution of gold chloride to a 
solution of the alkaloid in dilute hydrochloric acid, when the gold salt is precipitated as a 
yellow amorphous powder. The amorphous salt was dissolved and crystallized from hot 
water : it jnelts at 142°C. Avith decomposition. Determination of molecular weight is being 
carried on. The alkaloid is provisionally named ‘ Roylene ’. 


Pharmacological action. 

Action on paramacia. — The action of the plant on paramcecia was tested with (a) a solution 
of the hydrochloride of the purified alkaloid and (b) decoction of the dried roots of the plant 

It was found that the alkaloid in concentrations such as 1 in 400 kills paramcecia in 27 minutes 

and 1 in 200 takes 12 minutes to kill all the paramcecia. The decoction of the root of the 
plant is, however, comparativeh'- much Aveaker, so much so that a dilution _of_ 1 in 500 ki s 
only about 50 per cent 'paramcecia in about an hour’s time. The alkaloid is thus not very 
toxic to these ciliates. 

Action on bacteria. — One per cent solution of the alkaloid Avms mixed with 
quantity of 18-hour-old broth cultures of E. tyjyhi (T.E.D. strain). At intervals of h ee 
minutes, loopfuls of this mixture A\’-ere' inoculated into nutrient broth (5 c.c. ; 
for a total period of three hours. All the tubes thus inoculated were incubated a •• 
and examined for groAvth after 24 hours. All tubes show’-ed groAvth. The alkaloid, there 
has no bactericidal action. 

Local action . — '\AT:en applied locally to intact skin, the alkaloid does pot produce an) 
signs of irritation. It also does not produce any congestion of the conjunctiva 0 
effect on pupil Avhen instilled into the eye. 

Effect on blood-pressure. — ^In intact urethanized cats the alkaloid 
venously in doses varying from 2 mg. to 5 mg. per kg. body-weight produces a 
in the blood-pressure ranging from 10 mm. to 40 mm. The blood-pressure, hoAvever, g‘^^^^j^.'j 
rises for 8 to 10 minutes but does not attain the original level. This effect 0 . 1 
progressiAmly diminishes after the first one or two doses (dose per dose). In sp 
2 mg. of the alkaloid does not produce any change. ' ^ 

Effect on respiration. — The effect of the alkaloid on respiration was ^ g fj-Qm 2 mg- 
the intratracheal pressure in cats under urethane, and it was found that in 0 
to 5 mg. per kg. it has no effect on respiration. 
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INTRODUCTION. 

In a previous paper (Bose and De, 1942) the effects^ of temperature and anticoagulants 
on glycolysis in normal blood were studied and the main findings arrived at were that the 
su»at content of blood undergoes gradual loss in vitro and that the rate of glycolysis depends 
on°the temperature at which the saniples are kept and the anticoagulants that are used. 

During the course of the above work on glycolysis of normal blood, we made a few casual 
observations on diabetic blood as well and it appeared to us that the rate of glycolysis in the 
latter cases differed materially from that of the former, sometimes in a very marked degree. 
From the literature it also appeared to us that opinions were not uniform with regard to the 
question of the glycolytic rate in diabetic blood, Lepine (1909), for instance, showed that 
the rate of glycolysis in diabetic blood was muchdower than normal. Denis and Giles (1923) 
reported that the glycolytic power in the blood of diabetic patients was less than normal. 
Thalhimer and Perry (1923) also showed that the glycolysis proceeded at a slower rate in 
diabetic blood samples. Tolstoi (1924), on the other hand, did not obsenm any difference 
in the glycolytic power of diabetic blood as compared to normal. Cajori and Crouter (1924) 
also supported Tolstoi in the observation that there was no diminution of the glycoljdic power 
in the diabetic blood as compared to that of normal. 

These conflicting opinions led us to investigate the following points ; — 

1. Does the glycolytic power of diabetic blood differ materially from that of the non- 

diabetic ? 

2. Does the rate of glycolysis in diabetic blood samples depend in any way on the 

severity of the diabetic condition ? 

3. Does the rate of glycolysis alter when the diabetic condition improves as a result of 

treatment ? 

Preliminary observations were made on 30 serial cases of diabetes irrespective of severity. 
The rate of glycolysis was studied in this group of cases hourly for 6 hours. All the blood 
samples were collected in ‘ fasting ’ condition. Potassium oxalate -wps used as an anticoatnilant 
and the samples were all kept at room temperature (23°C. to 29°C.}. The subsequent treatment 
of the blood samples was exactly the same as described previously (Bose and De, Joe. cit.). 

The results obtained from the 30 cases examined are summarized below in tabular 
form ; — 


Number of c.n.ses. 


Total loss of sugar at 
the end of 6 hours 
(in mg. per cent). 

In 12 case‘s 


. . 50 to 58 


. . 

15 to 21 

9 

• • 

.. 7 to 17 


• • 

.Vi7. 
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Table III. 





Tliese observations show clearly that the rate of glycolysis is not uniform in all cases of 
diabetes. Twelve of the cases examined behaved in a niore or less normal manner (56 to 58 
per cent loss), while in others the rate of glycolysis was reduced by variable degrees, the most 
striking being the 2 cases which showed no glycol}'sis at all. This led us to suspect that 
the severity of the diabetic condition might influence the rate of glycolysis. 

A more critical investigation was therefore undertaken, in which the cases were grouped 
as mild, moderate or severe. Thirty cases of diabetes were studied in each of the 3 groups, 
the rate of glycolysis being determined by observations made liourly for 6 hours and again 
at the end of 24 hours. 

Eor convenience and brevity of records, the 30 cases' in each group have been further 
sub-divided into 3 sub-groups each of 10 cases and the average results of each *of these sub- 
groups have been given in tabular form. Table I summarizes the results obtained from 
mild cases of Aiabetes, Table II from moderately Severe cases and Table III from very 
severe cases. 

An analysis of the results contained in Tables I, II and III shows that : — 

In mild cases {Table I ). — 

1. The average hourly loss of sugar during the first 6 hours varied from a minimum 
7'7 mg. to a maximum 9'7 mg. per cent. 

2. The average total loss of sugar at the end of 6 hours and 24 hours was 52T mg. and 
70‘7 mg. per cent respectively. 

In moderately severe cases {Table II ). — 

1. The average hourly loss of sugar during the first 6 hours varies from a minimum 
2‘0 mg. to a maximum 3‘8 mg. per cent. 

2. The average total loss at the end of G and 24 hours was 17’G mg. and 28’2 mg. percent 
respectively. 

In severe cases {Table III ). — 

1. The average hourly'' loss of sugar during the first 6 hours varies from a minimum 
of ri mg. to a maximum of T5 mg. per cent. 

2. The average total loss at the end of G and 24 hours was 7’G nig. and ]3'3 mg. percent 
respectively. 

The results of this analy'sis are concisely summarized in Table IV. Estimations on 
normal cases (as pulilishcd in our pirevious paper) are included for comparison. 


Table JN. 



Average maximum 
hourly loss of sugar 
in mg. por 

100 c.c. 

Average total loss 
at the end of 6 
hours in mg.' per 
100 0.0. 

Average total loss- 
at the end of 24 
hours in mg. per 
100 c.o. , 

Mild 


9-7 

52-1 


70-7 

Moderate 

• . 

3-8 

17-6 

1 

28-2 

Severe 

•• 

1-5 

7'G 


13-3 

Normal cases 


12-6 

63-5 


71-1 
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The percentage loss of sugar in mild, moderate and severe cases of diabetes, as 
estimated at 6 and 24 hours, is shown in the Graph in comparison with the loss m normal 
individuals ; — 


Graph. 



*•••••• Severe diabetes. 

Moderate „ 

Slild 

Normal „ 


The data given above show that the rate of glycolysis is not uniform in cases of diabetes 
and that it varies according to the severity of the mabetic condition. In mild cases of diabetes 
the rate of loss of sugar per hour, as also the total loss of sugar at the end of 6 and 24 hours, 
does not differ much from that observed in non-diabetic cases (Bose and De, loo. dt.). 

In moderately severe cases of diabetes, however, the rate of hourlj' loss of sugar, as well 
as the total loss at the end of 6 and 24 hours, is definitely slower than in mild cases. 

In severe cases of diabetes the hourly loss of sugar during the first 6 hours is negligible 
and in some cases there is no loss at all. The total loss at the end of 6 hours, as well as at" the 
end of 24 hours, is strikingly less than in mild and 'moderate cases. 

The glycolytic rate in diabetic blood is, therefore, in inverse proportion to the severity 
of the diabetic conditions. 


Effect of_ treatment on ihefflycdlylic rale hi diabetes. 

The effect of intensive treatment of tjie diabetic condition on the glycolytic rate was 
studied in 10 cases of fairly severe diabetes. The glycolytic rate of the blood in these 
patients was estimated before and after treatment with insulin and the results are given in 
Tables V, 'IT and 'ITI. ® 

Table Y records the glycolytic rate in the 10 selected cases 'before treatment was 
commenced. 

Table \ I records the resrrlts obtained in the'7 cases in which a satisfactory response to 
treatment was obser\-ed. 
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Table Vn records tlic resuHs in t.hc 3 remaining cases in wliicli response to treatment 
was unsatisfactory. . ’ - . 


Table V. 

Bale of glycolysis in 10 cases of severe diabetes before trealmenl. 


Blood sdoak mg. ter oekt. 


Loss or 

SUGAR MG. RER GENT 

PER HOUR. 












Total loss 











Case 

number. 

Initial. 

At the end 
of 6 hours. 

1 hour. 

2 hours. 

3 hours. 

4 hours. 

5 hours. 

6 hours. 

of sugar. 

1 

410 

404 

2 

1 


, , 

1 

2 

6 

2 

236 

231 

« < 

1 

1 

1 

1 

1 

5 

3 

320 

312 

. . 

2 

2 

2 

2 

/ 

8 • 

4 

300 

286 

4 

1 

-3 

3 

2 

1 

14 

'5 

410 

403 

. < 

2 

1 

. . 

2 

2 

7 

, 6 

315 

.101 

o 

3 

2 

2 

2 

, 3 

14 

7 

410 

395 

3 

O 

3 

o 

3 

O 

15 

8 

500 

4in 

« « 

. . 


1 

. ■ 

•• 

3 

0 

263 

247 

4 

2 

o 

3 

2 

• 3. 

IG 

10 

370 

305 

« , ^ 

2 

• • 


o 

1 

5 

Average 

353-4 

344-1 

1-5 

1-6 

1-6 

1-4 

1-7 

1-5 

9-3 





Table VI. 


' 



Rate of glycolysis in 7 

cases of 

severe diabetes under 

’ insulin treatment to winch (he 




paticnls responded satisfactorily. 


' 

^ 

Blood 

SrOAR MG. 

I’ER CENT. 


Loss or 

SUGAR MG. TER CENT 

PER HOUR. 










— s 

Total loss 



INI 








of sugar. 

Case 

number. 

Initial. ' 

of 6 hours. 

1 hour. 

2 hours. 

3 hours. 

4 hours. 

5 hours. 

6 hours. 


1 

127 

84 

7 

7 

7 

6 

7 

9 

43 

2 

110 

02 

10 

7 

9 

7 

8 

7 

48 

3 

100 

49 

\ 

8 

7 

9 

11 

9 

7 

51 

! 

4 

108 

58 

8 

8 

9 

11 

7 

7 

50 

6 

115 , 

70 

U 

6 

7 

8 

7 

8 

45 








G 

7 

42 

7 

125 

83 

8 

6 

7 

8 










8 

7 

44 

9 

98 

54 

s 

8 

7 

5 

9 



Average 

iiro 

66-9 

8-3 

6-8 

7-5- 

8-3 

. 7-4 

7-4 

4G'1 
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' Table 

Rate of glycolysis in 3 cases of severe diabetes wider insulin treatment to which the 

'patients responded unsatisfactorily. 


Blood svoar mo. 

PER CENT. ' 


Loss of 

SUGAR MG. 

PER CENT 

PER HOER. 


Total loss 

Case 

number. 

Initial. 

At the'cnd 
of 6 hours. 

1 hour. 

2 hours. 

3 hours. 

4 hours. 

5 hours. 

6 hours. 

of sugar. 

n 

195 

170 

5 

4 

4 

4 

3 

5 

25 

8 

200 

178 

4 

4 

2 - 

3 

5 

4 

22 

10 

198 

175 

4- 

3 

4 

0 

4 

'3 

23 

Average 

197 

174-3 

4-3 

3-6 

3-3 

4-0 

4-0 

■ ‘ 4-0 

23-3 


The results recorded in Tables V, VI and are summarized in. Table VIII in -which the 
results formerly obtained (Bose and De. loc. cit.) in normal subjects have been included for 
comparison. 


Table VIII. 


Glycolysis in cases of severe diabetes before and after treatment as compared loith 

the normal subjects. 


After TREATjirEKT. 


Before 

TEEA'^^rE^'T. 


Average results 
obtained in 10 
severe cases of 
diabetes. 


7 cases in whom 
the response to 
treatment was 
satisfactory. 


3 cases in whom 
the response to 
treatment was . 
unsatisfactory. ' 


Average results 
obtained in 
normal subjects 
(Bose and De, 
loc. cit.)r 


Average results 
obtained in 
cases of severe 
diabetes. 


Average- majdmum 1'7 8’5 . 4-3 ' 12-6 

hourly loss of sugar 
mg. per 100 c.c. 

Average total loss of 'OS 46-1 2,'5-3 53-5 

sugar at the end of 6 
hours (in mg. per 
100 C.C.). 


1-5 


7-6 


It is apparent from these observations that : — 

1. In untreated cases of severe diabetes glycolysis proceeds at an extremelv slow 

(almost insignificant) rate. 

2. In cases which respond shtisfactorily to treatment there is a simultaneous marked 

improvement m the rate of glycolysis. 

^^.sponsc to treatment was imsati.sfactorv the glveolvtic 
rate snous little improvement. ' - 
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Discussion. 

The cause of the marked difference which has been demonstrated between the glycolytic 
, rate of the blood of diabetic and the non-diabetic subjects and also tlie reason for the protrres- 
sively diminishing glycolytic power of the blood of diabetic subjects according to the severity 
of the diabetic condition has not yet been determined. 

The glycolytic rate of the blood, according to our observations, bears no relationship 
to the height of the blood-sugar level but appears to depend on other factors, possibly on a 
change in the chemical nature of the glucose present in the blood. 

The nature of the glucose present in the circulating blood has been and still is a subject 
of active study, no definite conclusions having been arrived at yet. Tlie concensus of opinion 
amongst most physiologists is that the form of glucose which is readily fermentable or 

easily assunilable in the animal organism has a ring structure of y glucoside. 

• 

Normally, glycolysis is caused through oxidizing ferments, of which oxidases are examples. 
These oxidases, with the help of the insulin in the circulating blood, probably effect an altera- 
tion in the chemical structure of the glucose and makes it readily available to the tissues for 
its final breakdown and utilization. 

Insulin can thus be assumed to be tlie controlling factor of these oxidizhig ferments wliicli 
are stimulated or activated b)' its action. The retardation of glycolysis in diabetes, which 
we know is caused through hypo-insulinism (in varying degree), may thus he partially 
explained. 

It should be noted, however, that when insulin is added to the blood i a lairo no alteration 
in the glycolytic rate is found to take place. Intensive insulin treatment, however, causes a 
marked increase in the glycolytic power of the blood of diabetic patients.' It is, therefore, 
safe to assume that insulin helps to exert some indirect stimulating or activating action on 
the oxidizing ferment mechanism within the body which possibly causes changes in the nature 
of glucose in the blood of the diabetic patients converting it to a fermentable product winch 
is capable of glycolysis. 

Summary and conclusions. 

1. The rate of glycolysis in diabetic patients has been found to vary according to the 
severity of the condition. 

2. In severe cases of diabetes there is practically no glycolysis, even if the blood samples 
are left at room temperature for 24 hours. 

3. In moderately severe cases of diabetes glycolysis proceeds at a very slow rate. 

4. The rate of glycotysis in the blood of mild cases of diabetes does not differ materially 
from that observed in normal persons. - 

5. The glycolytic power of the .blood of diabetic subjects who respond 

to specific treatment improves pari passu with improvement in the clinical condition 
patient, and in some cases, approaches that observed in normal subjects. 

6. '• The height of the blood-sugar level has been found to bear no relationship to 
rate of glycolysis. 
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IXTRODUCTION. 

Urea stib yjiiXE is a pentavalent antimony copipound first synthesized by Brahmachmi 
in 1922. and extensively used in India in tjie treatment of kala-azar. Ghosh and Chatterjee 
(1928), Gray and Trevan (1931) and,Guha, Dutt and Mukerji (1943) have all reported varia- 
tions in the content of total antimony and urea in different batches of urea stibamine. 
Their findings support the vievr that, in spite of the established therapeutic efficacy of the drug 
in kala-azar, urea stibamine is not a compound the composition of which conforms to a 
uniform formula of known chemical structure. 

It is obviously necessary to establish accurate control of the toxicity of the commercial 
preparations of urea stibamine issued for clinical use. No standard for organic antimony 
compounds has yet "been evolved nor are there any recognized criteria by which toxicity of 
various samples "can be assayed. Attempts by Napier (1928) to make good these deficiencies 
were made on an insufficiently large number of animals, while the work of Gray et aJ. (loc. 
cit.) was concerned only with investigations on the active component oFanthnony compounds. 
The absence of a dose-response curve to facilitate the assay of urea stibamine has been keenly 
felt in this Laboratory. For this reason, it was decided to select a batch of urea stibamine 
which would serve as a temporary standard and to work out in detail the chenucal specifica- 
tions and toxicity levels of this selected batch. The results of this work are recorded below. 

JIatebials and methods employed. 

Batch No. 0596 of urea stibamine manufactured at the Brahmachari Institute, Calcutta, 
was selected. Ten grammes were obtained in glass-ampoules and stored at 0°C. This 
sample was found to have the following chemical composition : — 

Physical characters — greyish-white amorphous « powder. 

Solubility — readily soluble in water. 

Chemical content — ^total antimony 40’76 per cent. 

, • Antimonious acid 2’7 per cent (expressed as antimony). 

Antimonic acid — ^present. 

Total antimony was determined by the method described by Ghosh et al. (loo. cit.).' 
Antimonious acid was determined by directly titrating the urea stibamine with N/lOO iodine 
in the presence of excess of sodium bicarbonate. • 

' Animal experiments were carried out exclusively on white mice from the stock of the 
Central Research Institute, Kasauli. As mice of 1.3 g. to 15 g. weight were not available, 
animals weighing between 18 g. and 20 g. with a sex ratio of 2 male to 1 female for each dosaae 
were used. The dosage per mouse was calculated on the basis of 19 g. weight and the group 
weight of mice for each dosage was kept constant. The iniections were given intravenously 
at the rate of O'Ol c.c./sec. and the total mortality figures were recorded within 72 hours of 
injection. Other precautions recommended for the study of toxicity' of the arsenicals were 
also strictly followed. 

Solutions for injection were freshly prepared in sterile re-distilled water freed from CO> 
and sealed witli a layer of sterile parafiin following the same precautions as for arsenicals All 
injections were given within 15 minutes of the preparation of the solution. As the volume 
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injected -was kept constant at 0-2‘ c.c. per mouse, tlie concentration of solutions for dosi 
between LDq and LDjoo varied from 0-95 to 3'3 per cent.' Tlic pH of the solutions in 
concentrations varied between G‘5 and 6-3. . 


ges 


D0.SK-RESPONSK OUJtVE. 

ZPso (ind toxicity levels estimated by lulrhefs formula.-— As this method gives dependable 
and accurate results with a minimum number of animals it was selected for preliminary study 
of toxicity to determine the approximate range of dosages on which to work out the close- 
response cui've. A series of 9 doses were selected and for each dose an equal number of male 
and female mice of equivalent weight were used. The injections were given within a period 
of 3 days. . ^ 

Table I. 

Shomvy dose-moiiality figures in Kfirher's 
formula. 


Log (lose. 


Log equivalent, 
mg./kg. 


ObserveeJ mortality 
within 72 hours of 
injection. 


2-iO 

126-9 

0/0 

2T6 

141*3 

1/C 

2-20 

168-6 

^ 3/6 

2*26 

177-8 

3/6 

2-30 

199-6 

1/0 

2-36 

123-0 

1/C 

2-40 

261-2 

4/G 

2-46 

281-8 

4/C 

2-60 

316-2 

G/6 


V On the basis of the above findings LD50 was worked out on the follovung formula 

Log LD6 o= -^ 0 — where Zo= 2’50. The sum of the 7 products obtained 

form the 9 dosages in this series=0T625. 

Therefore, log LD60=2-50-0T625=2-5--0T625=2-3376 
LDgo= 217 mg./kg. 

Dose-mortality curve: — ^The dose-mortabty curve was worked out using 7 dosages on the 
arithmetic scale in 320 mice. The result is given in Table II 


Table II. 

Mortality figures obtained with 7 dosages of urea stihdmine. 


Dose, 

mg./kg. 


ObSEEVKD MOKTALITV AVITHIir 72 HOUBS OF nrJEOKON. 

^ : , Total Percentage 

' • * mortality, mortality. 

Series Series Series Series Series Series i 

No. 1. No. 2. No. 3. No. 4. No. 6. No. 6.' 


125 

160 

200 

260 

300 

850 

400 


0/10 

1/10 

6/10 

8/10 

7/10 

9/10 

10 ( 1(3 


0/10 

2/10 

2/10 

4/10 

8/10 

10/10 

10(10 


0/10 

1/10 

6/10 

7/10 

8/10 

9/10 

10 / 10 - 


3/10 

4/10 

6/10 

9/10 

10 / 10 . 


6/10 

7/10 

8/10 


4/10 

8/10 

10/10 


0/30 

7/40 

26/00 

40/60 

60/60 

38/40 

30/30 


O'O 

17'6 

43'3 

66-6 

83-3 

96-0 

ioo-0 
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It is evident tiiat a dose of 125 mg./kg. vreigtt of ammal represents LDo for 30 niice. This 
dose is much lower than what has been reported by Napier (loc cit.), and by Guha etal. 
(loc. ciL). A dose of 400 mg./kg. weight for a similar number of mice represents 
This is higher than what has been obtained with 6 mice in Table I with Karber s formula. 

The findings in Table II are repre.sented in Graphs 1 and 2 
Graph 1. 

Dose-mortality curve mth doses in mg. /Icy. 
weight as abscissa; and percentage 
mortality as ordinates. 



Dose: mg./kg. body -weight. 


Graph 1 is a typical sigmoid curve with no skew or exponential characteristics. The 
upper and lower tails do not show much lag. 

Graph 2 is linear in distribution and this is in conformity ■ndth the characteristics of all 
log curves. The LDso dose for urea stibamine is 212 mg./kg. weight of mice. This is very 
close to the figure of 217 mg./kg. obtained by us using Karber’s formula, and is significantly 
different from the figure of 250 mg./kg. obtained by Napier (?oC. cit.). Though the percentage 
increase in response for doses in the region of LDeo is greater than at the region of upper and 
lower doses it is not as great as in the case ok the arsenicals. The significance of this point is 
described below : — 

Comparison of urea stibamine and neoarsphenamine response . — ^The mortality due to 
* various doses of urea stibamine can be compared with the corresponding figures in the literature 
for arsenicals when the doses are expressed as relative percentage of LD50 taking the latter 
as 100. -For IS g. to 20 g. mice the toxicity of urea stibamine is higher than arsenicals when 
the LD.rK) figures only are taken into consideration. Urea stibamine—212 mg./kg. (present 
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autliors) ; neoarsplienamine— 370 mg./lcg. (Taylor and Aliuja, 1935), 470 mg./kg. (Duiliam 
el al., 1929). 

It is, however, very interesting to compare the relative sensitiveness in the response of the 
two classes of organo- metallic comjjounds. Tins has been done in Table TIT. A slight increase 
in tlie dose of'tlie ursenicals above the LDco results in a much higher mortality than in the 
case of urea stibamine, when the dose of the latter also is correspondingly increased. iSiinilarly, 
when^ the dose is reduced below LDno the reduction in mortality is greater in the case of , 
arsenicals than in urea stibamine. Slight differences in dosages are more markedly reflected 
in the mortality figures in the case of arsenicals than in the case of urea stibamine. It thus 
appears that although the toxicity of urea stibamine is higher than the arsenicals as judged by 
their respective LDoo figures, the margin that should be allowed in passing samples of luea 
stibamine can be greater than for the arsenicals. Copiparative data on this point are given 
in Table III ; — 


Table III. 


relative distribution of toxicity figures of urea 
stibamine and neoarsplienamine ivhen LDr,o 
is given an arbitrary value of 100. 


Unr..\ STinAMiNK 



NrOARSrjIEXAMINK. 

Relative dose, 
per cent. 

Percentage 

mortality. 

Relative dose. Percentage 
per cent. mortality. 


' G4 

G 

C4 

G 

71 

18 

SO 

18 

83 

30 

90 ' 

30 

100 

CO 

100 

50 

137 

80 

113 

SO 

105 

95 • 

. 1.30 

95 - 

190 

100 

155 

100 


Figures deduced from the dose-response curve of Durham, 
Gaddum and hlnrohal (1929). 


Toxicity in relation to sex of mice. — In a series of 350 mice, of which there were 240 males 
and 110 females, 136 and 56 mice died respectively representing a mortality of 56 per cent for 
male and 51 per cent for female mice. This finding is interesting in as much as Durham, 
Gaddum and Marchal (1929) observed that, with arsenicals, female mice of 18 g.,to 20 g. were 
'more susceptible to the toxic effects than males. 

■Stability -of urea stibamine solutions. — ^In the experiments described in this paper the same 
elaborate precautions were observed in the preparation and use of solutions of urea s i am 
as are recommended in the .assay "of organic arsenicals. This is apparently unnecessary a 
shown by the following observations : — ■ 


Table IV. 


Nature of solution. 


Toxicity within 
10 minxites of 
preparation 
of solution. 


Percentage 

mortality. 


Toxicity — 7 days percentage 

after preparation mortality. 
of solution. 


Sealed with paraffin and stored at 0°C. 
Unsealed and stored .at 37°C. 


3/8-f-4/7 
4/8 -1-4/7 


46-6 

63-3 


5/8-t-3/7 
.3/8-1- 3/7 


53-.3 

40-0 
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Morrell and Chapman (1933) and Wien* (1935, 1936) phserved greatly increased toxicity 
in arsenic solutions prepared without the special precautions recommended (an mcrease m 
toxicity by 56 per cent and 17'^ per cent alter 25 minutes and 15 minutes of the preparation o. 
the solution). The findings in Table IV though collected from a small group of animals show 
that urea stibamine solution is much more stable than that of arsenic and such rigid precautions 
as are observed for working with arsenic solutions may not be necessary for ui'oa stibamine. 

Discussion. 

Gray et al. {he. cit.) considered urea stibamine to be a complicated mixture of colloids and 
hot a definite chemical compound. Of the various compounds that may be formed by the 
combination of urea aud p-ammo phenyl stibinic acid, the di-substituted urea s-diphenyl carba- 
miije — i : 4'. — di-stibonic acid was found by Gray to be the protozoocidal constituent of urea 
stibamine. 

Ghosh et al. {he. cit.) reported a wide variation of antimony and free-urea content of 
different batches of urea stibamine. Jlore recent workers, Gray et at. {hc.^ cit-) and Guha et al. 
{loc. cit.), have observed a smaller but nevertheless significant variation in the total antimony 
content of market samples of urea stibamine. The exact correlation between 'antimony 
content, toxicity and therapeutic efficiency of urea stibamine is not known. _ The establish- 
ment of such a correlation is not easy as urea stibamine is not a definite chemical compound. 
The assay of urea stibamine samples by any chemical method alone cannot, therefore, be 
considered satisfactory in our present state of knowledge. Beliance will, therefote, have to be 
placed on the biological control of these drugs until chemically pure compounds of uniform 
composition are available in the market. 

The essential prerequisites for accurate bio-assay of any drug are the establishment of a 
dose-response curve with a known sample of that preparation. The chemical specification 
and toxicity levels of an arbitrary sample of urea stibamine have, therefore, been studied^ to 
establish a temporary standard with which to compare commercial samples. By employing 
two different methods of LD50 determination the figures of 217 mg./kg. and 212 mg./kg. have 
been obtained. For convenience of calculation the LDso figure could be fixed at 2l5 n\§,./kg. 
mice of 18 g, to 20 g. body-weight. The distribution, of the dose-response curve of urea stiba- 
mine when compared with that of neoarsphenamine brings out several points which should be 
taken into consideration in the assay oi urea stibamine samples. -The LDso figure for urea 
stibamine is very much lower than that of neoarsphenamine (0'21 mg. instead of 0‘47 mg. 
per gramme weight of mice). The former is, therefore, more toxic than-the Iqtter. But the 
discriminating powty of close doses of urea stibamine in the region of LDgo is less than that 
of the arsenicals. It would, therefore, appear that a wider- margin of variation could be 
permitted to urea stibamine than is done for the arsenic compounds. An allowable margin 
of ± 20 per cent permissible to the acceptance of the arsdnicals roughly corresponds 
with ± 30 per cent of urea stibamine from the standpoint of toxicity. This may be 
considered to be the maximum permissible limit for the acceptance of unknown com- 
mercial samples of urea stibamine. The authors have also worked on a smaller margin 
of ± 15 per cent (± 30 mg./kg. of LDso) in a number of cases. If during further assay of 
samples this limit is not found to be too severe, this range of- 189 mg./kg. and 245 mg./kg. 
would be suitable for working out the median lethal dose of samples ensuring at the same 
time the therapeutic efiiciency of the dose at its optimum level. 

Another important point is that in view of the indefinite composition of urea stibamine 
it would be advisable to determine the LD50 of every batch of this preparation by the method 
of bracketing with a lower and higher dose on groups of 30 mice and then working out the 
LDco from these results. _ The acceptance of samples from results obtained at the lower level 
alone on groups of 10^ mice as is done for the arsenicals is considered risky as some non-toxic 
and inactive preparations could easily pass this test. This would not occur if the other method 
13 employed. 

, . Summary and conclusions. 

1’ w selected batch of commercial urea stibamine has been adopted as a temporarv 
standard for the assay of unknown preparations of urea stibamine. The cliemical composition 
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of tlie selected batcli lias been determined and a dose-response curve has been worked out 
in white mice. 


2. Tlie LD .10 figure for the .selected bateli of urea stibamine ivas found to be 215 mg /h 
for white mice of 18 g. to 20 g. weight. Tt, is suggested that in the assay of unknown .samples 
of urea stibamme a ma.ximum variat.ion of ;i() per cent on this figure .slioiild be permitted 
No .significant difference in .suseept.ibiiif.y ivn<? observed in male and female mice within the 
limit of iveight stated above. 


3. Solutions of urea stibamine arc much more .stable than solutions of organic arsenic 
compounds and it is not considered necessar}' in assaying nrea stibamine to observe the 
elaborate precautions hi the preparation nnd use of solutions which must he followed in the 
case of organic arsenicals. 

4. The relationsliip between the total antimony content of urea stibamine and its toxicity 
is not yet known. As the chemical composition of urea stibamine is variable and as it is not 
yet definitely known which fraction or fractions are thcrajieutically active, theassay of unknown 
preparations of this drug should, for the present, he carried out by biological nietliod.s. 
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The present p&per embodies tbe results ol tlie studies Ccirried out regarding tlie clieniical 
composition and pliarmacological action of some remedies yridely used in indigenous medicine. 
Although these plants are reputed to possess certain medicinal properties and are quite 
commonly employed for such purposes, our observations shovr that, apart from the action 
of some 'known chemical substances which happen to be a^part of the constituents pf such 
plants, there is in the case of some plants an insufficient quantity of the active principles to 
produce any marked physiological action, and in case of others, the principle itself is inert 
and inactive. The following plants were studied : — 


I. Aconitum helerophyllum Wall. 

This plant is wddely used in indigenous medicine Snd is reputed to possess antipyretic and 
antiperiodic properties. Tt is also considered to be an astringent, stomachic and aphrodisiac. 
It is a non-poisonous Indian aconite and grows in nature in the western temperate Himalayas 
from Kumaon to Hasora at altitudes of 8,000 to 15,000 feet above sea-level. 

Cheniisdry. — The active principle of the plant iaa non-poisonous alkaloid called atisine. It 
was isolated by Jowett (1896) who studied it and gave the formula for atisine as C22H31O2N. 
Hecently, Lawson and Topps (1937) prepared this alkaloid in purer form by a much simpler 
method and modified the formula to C22H33O2H.' 

Isolation of the activd principle. — ^Atisine was prepared by following the method of Law'son 
and Topps (loc. dt.) with slight modffication. The finely powdered rhizomes were completely 
exhausted with 90 per cent warm alcohol. The solvent -was distilled off under reduced 
pressure and the brownish black mass left was then treated with 2 per cent H2SO4. The 
acid solution was extracted several times with ether to remove oil and tarry matter. Chloro- 
form ^yas _ayoided,p most of the alkaloidal salts are soluble in this solvent. The acid solution 
was alkalinized with sodium hydroxide and the precipitated base was extracted with ether. 
The process of dissolution of the base in acid and further precipitation with alkali was 
continued till a colourless ethereal solution w'as obtained. The ethereal solution was washed 
with water till it was free ‘from alkali. This was dried over anhydrous magne.sium sulphate 
and ether was removed by distillation. The base was left as an amorphous colourless 
varnish which was only shghtly soluble in water, but freely soluble in alcohol, ether and 
chloroform. . > ‘ 


Pharmacology. — ^Antipyretic action. Experimental. — A large number of healthy adult 
rabbits (weight varying between 1;3 kg. and I'G kg.) was taken and their temperatures 
recorded. Temperature was artificially raised by giving protein shock with T.A.B. vaccine 
{.. c.c.l/m.). 'A rise of 3 to 4 degrees was obtained in each case after abouttwo hours ' Atisine 
• WM administered m deses ranging from 10 mg. to 12 mg. per kilo both by mouth and 
. intramuscularly. Two sets of controls were used: (a) One set was given aspirin (O'l g 
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per kg.) ; (6) The otlier set was nob given any incrlicine. Temperature was then recorded 
every half hour till tlirce hours after administration of the drug. 

As a result of these experiments tlie conclusion was reached that atisine-in doses ran4<r 
from 10 mg. to 12 mg. per kg. administered either orally orintramuscularlv hasnoantinvretic 

effect. ^ “ 


General.— k large numher of pharmacodynamic experiments was-put up to see tk 
effect of atisme on hlood pressure. Urethanixed as well ns spinal animals, such as cats, rabbits 
and dogs, were used. It was found that atisine, when administered intravenously in doses up 
to as much as 10 mg. to 15 mg. per kg., produced only a slight transient, fall in blood-pressure; 
This alkaloid, therefore, appears to he physiologically a relatively inactive substance. 


IT. XaniMu))} slrumarivni Linn. 

The plant is a coarse annual herb which grows wild in Ka.shmir. It is an important plant 
as it is widely used in both the Ayurvedic and Tibbi systems of medicine as a diaphoretic 
and sedative and for other purposes. It has been stated that the ‘young flowering tops and 
the two leaves immediately below ’ boiled in water are eaten as a pot herb by the inhabitants 
of certain parts of Assam. This statement requires explanation owing to the fact that the 
plant has been found to be poisonous to cattle and pigs in America and Australia. 

Isolation of the active principle . — The endosperm of the seed', obtained by pressing out 
the fruit, was used for the isolation of active principle. Half a pound of the powdered seeds 
were exhausted with petroleum ether wliereby a pale-yellow fixed oil (about 32 per cent) 
was obtained. The oil-free seeds were then percolated with 90 per cent alcohol. Calcium 
carbonate was next added to tlie percolate and alcohol removed under reduced pressure. 
The active principle being a water-soluble glucoside, the concentrated, extract was treated 
with hot water and filtered ; in this w'ay water-insoluble impurities were eliminated. The 
glucoside occurring in amorphous form was further taken up in different solvents thereby 
eliminating still more impurities. Attempts to crystallize the glucoside, however, failed. 
One per cent solution of the active principle was prepared for working out its pharmacological 
action. 

Pharmacological action . — A number of experiments was put up to observe the effect of 
the active principle on blood-pressure and respiration. Administration of as much as 30 mg. 
to 40 mg. per kg. did not produce any marked physiological effect. 

A medium-sized rabbit survived without effect on the respiration and blood-pressine 
even after the administration of a total of 120 mg. of the glucoside. The. active principle, 
therefore, appears to be physiologically a relatively inactive substance. 


I-ll. 


Lippia nodifora Rich. * 

This is a perennial herb which grows all over India and belongs to the Natural Order 
Verbenacece. The drug is called ‘ Bukhan ’ in Punjabi, ‘ Vashira ’ in Sanslo-it, and ‘ Bhuikhora 
in Hindi. The plant is widely used for different purposes in different parts of the countr} , 
and is alleged to be diuretic and febrifuge. All parts of the plant are used m'edicinally. • 

Chemical investigation . — No work on the plant has previously been reported. The whole 
plant was powdered and successively extracted with petroleum ether, ether sulphuric, cbo 
form, ethyl acetate and alcohol, the percentages of the extracts after removal of the 
being respectively 1'46 per cent, TO per cent, 1’16 per cent, 0’33 per cent and 4'1 per 
The petroleum-ether extract showed the presence of a small quantity of fixed oil and 
The ether extract contained resins and large quantities of chlorophyll only. Even the c 
form extract did not show the presence of any alkaloid but only resins and chlorophy • 
ethyl-acetate extract showed the presence of a non-glucosjdic bitter substance, Ihe ^ 
extract contained a large amount of potassium nitrate which crystallized out when ^ 
solution of the alcoholic extract was concentrated. One hundred grammes oi t e p 
plant on steam distillation gave traces of an essential oil. 

Isolation and purification of ihe hitter substance . — ^Three pounds of the • 

were exhausted with 90 per cent alcohol. The solvent was removed under reauceu^ 
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The extract was mixed with calcium carbonate and extracted first with petroleum ether 
to get rid of petroleum-ether-soluble fraction. It was next extracted with ethyl acetate_, the 
solvent distilled off and the extract treated several times with dilute alcohol whereby most 
of the chloroph5dl and other impurities were removed. Finally, the residue was dissolved 
in alcohol and precipitated with ether. The bitter substance was thus obtained in a pure 
form but in very small quantities. 

From the very small yield of the bitter substance it would appear that the drug cannot 
possess any marked degree of therapeutic activity. The presence of nitrate may, however, 
well account for the alleged diuretic action of the plant. 

IVe have much pleasure in acknowledging the help and advice we have received from 
Colonel Sir Ram Nath Chopra, Kt., c.i.E., i.M.s.(r.), Mr. N. N. Ghosh and Eai Sahib R. L. 
Badhwar. 
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Introduction. 

Although there is an extensive literature on ansemia in malaria, no exhaustive studies 
on this subject have been made using modern haematological methods. Napier (1939) studied 
3.5 cases of malaria under hospital conditions by modern methods but he did not exclude other 
causes of anaemia such as hookworm infection. The investigations carried out by Fairley 
« and Bromfield (1933) did not include estimations of the volume and haemoglobin content of 
erythrocytes, while the later work of Iiivadas et al. (1939) and Bianchi (1940) did not include 
estimations by the newer methods of hsematological technique. _ The exact nature of the 
* ansemia caused by malarial infections has not yet been determined. Fairley et al. (1938) 
suggested that malaria might be a factor in the production of nutritional macrocytic ansemia. 
Napier and Majumder (1938), while investigating the ansemias of pregnancy ainong tea-garden 
coolie women in Assam’, suspected that malaria might be an important factor in the setiology 
of hyperchromic ansemia. No exhaustive studies have so far been undertaken on the ansemias 
associated with malaria in animals, although the work of Young (1937), in canaries infected 
with P. rouxi, deserves special mention. In this paper the results of investigations under- 
taken in S. rhesus infected with P. hioivlesi are given. Studies have been made by modern 
hsematologicM technique oil monkeys suffering from acute, sub-acute and chronic infections. 
The results obtained have been discussed in relation to the type of ansemia occurring in animals 
where malaria was the sole cause of amemia. 

Methods of ini'estigation. 

Observations were limited to 12 rhesus monkeys of which one was kept as a control and 
the remaining 11 were infected with P. Jcnowlesi. All hc'Binatological investigations were made 
according to the methods described by Napier and Das Gupta (1942). Full blood counts were 
done, at intervals, on individual aniinals including the calculation of mean corpuscular volume 
(MCY), mean corpuscular hfenioglobin (MCH), and mean corpuscular hEemoglobin 
concentration (MCHC). Estimations were made at intervals on the normal monkey over a 
period of si.x months, and on all monkeys before infection and at inten^als, sometimes daily, 
during the period of observation in infected animals. In the absence of hiemolysis of the 
blood plasma, the indirect van den Bergh reaction was also estimated. 

P. hwwlesi in rhesus monkeys almost invariably causes a very acute and ultimately fatal 
infection,^ in the absence of specific treatment. jIn extreme degree of parasitemia is 
observed in the terminal stages. By commencing specific treatment with quinine early in the 
course of infection, it is possible, more or less at will, to modify the acute attack into a sub- 
acute or chronic infection by varying the dose and frequency of administration of quinine. In 
the present investigation, all of the monkeys were infected bv blood inoculation One monkev 
was untreated and died of an acute infection four davs after the parasites first apneared 
in the peripheral blood. Of the remaining 10, a sub-acute infection was induced by qmnine 
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treatment in 3 anrl n chronic infection in 7. The 3 monkeys with sub-acute infections diedin 
from 17 to 23 clays after infection, while the 7 chronic infections were kept under observations 
for periods ranging from 4,5 to 225 clays. Details of the type and intensity of infection in 
individual animals are given in the protocols. It was possible in this way to study tte 
hematological picture in .three distinct types of infection — acute, sub-acute and chronic. 


Rusult.s. 

Before presenting the results, it is worth while to mention that the terms 'acute’, ‘sub- 
acute ’ and ‘ chronic ’, as used here, liave been more or less arbitrarily chosen, having regard 
to the intensity of infection and the survival period of the infected animals. Further, fortbe 
sake of clearness, only three hmmatological values, namely, those of liffimoglobin, mean cell 
volume and reticulocytes have been charted, although full blood counts were done on every 
occasion. 

' {a) Observations on vormal S. rhesus. — ^Blood counts were’ made on a normal specimen 
of S. rhesus (monkey No. 8) at intervals of 7 to 14 days over a period of six months. The 
results are recorded in Graph 1 from which it is apparent that even in a normaranimal there 
are considerable fluctuations in normal hmmatological values : — ■ . ■ . _ 
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(6) Ohsermtiorn on one rhesus monkey suffering from an acute, untreated^ infection vjith 
P. fcnowlesi. — ^Blonkey No. 12 which is an example of acute, untreated infection with 
P. knoidesi succumbed within four days of infection. Observations were made daily and the 
results -are recorded in Graph 2. It is clear from the graph that there was no appreciable 




Graph 3. — ^llonkey Ko. 1, showing changes 
in blood values and the rate of parasites 
in a sub-acute infection. In this and the 
following figures arrow indicates when quinine 
bi-hydrochloride was given by intra-muscular 
injection. The dose in grains is marked 
against each course of injections, while the 
numbers in brackets refer to the number of 
successive days on which injections - were 
given. 


^ ^ values so long as the infection rate remained less than 1 per cent of red 

corpuscular constants did not show much change until the last stage when a 
su en upward turn occiurred m the JMCV curve. Reticuloc}*tes did not show anv marked 
increase till the last stage of infection. ^ ' 
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{c) Ohsermliom on 3 rhesus monkeys suffering from suh-acuie infection iHh 
P knot^^Iesi.— Monkeys Nos. 1, 3 and h inoculated w'ith varying doses of P, knowlesi ienhod 
sub-acute infections. TJie dosage and time of administration of quinine given to these Md 
other monkeys are e.xplained in the legend below ftrapli 3. Observations on these monkevs 
ivere made at intervals of weeks and tjie results recorded in Graphs 3 to o 




/ 

• It is'clear from the graphs that the course of aiifemia here, though ^l^^acate 

milch like that in acute infection in its steady downward' progress. In con ra 
infection, there was a definite tendency towards blood regeneration; as ^ j aenerah 

the reticulocyte ciirve and the presence of normoblasts in the peripheral bloo i o 
the corpuscular constants were not much altered in these animals. 
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id) Observations on 7 rlieSug nionkei/s suffering from chronic infection with f. knowlesi — 
Data from monkeygNos. 2, 4, 5. 7, 11, 22 and 23 wHcIi developed chrome infection are charted 
in Graphs 6 to 12. The observations on individual animals vrere terminated as soon 
as complications like . diarrhoea or pyssmic abscess occurred or, in the absence of any 
such complications, when sufficient data had been collected. 




A general examination of the graphs shoivs that there iras a more or less sharp fall in 
hromoglobm value m the first two or three weeks in all these chronicallv-infected animals. 
Their subsequent reactions varied considerably. In monkeys Kos. 5 and'T (Graphs 6 and 7) 
there v ere comparatively small rises and falls in haemoglobin levels at intervals of one to three 
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weeks • ill monkeys Nos. 2 anil 11 {Graphs 8 and 9) sudden drops in these levels occurred at 
intervals of '10 to 16 weeks, while in monke 5 ^s Nos. 4, 22 and 23 (Graphs 10, 11 
and 12) there was a tendency for the hamioglobin curve either to go up or remain more 

or less steady. 



As slown by tbe reticulocyte curves and also by the S 

,natW tendency towards blood i 

weeks. ( 166 ) 


Here, a^ain, tlie corpuscular constants, as typified by tbe MCV curve, reveal no special 
cliaracteristics except that the fluctuations in some of them were vuder than those in acute 
or sub-acute infections. 

Discussiok. « 

In a previous paper (Majumder and Das Gupta, Iflhf), it has been shown that the mean 
ha 3 moelobin and red cells of normal monkeys are 13-o9 -± I'Oi g. and 5-76 ^0 63 millions, 
respectively. From these figures, it is clear that a range of 16-19 g. to 10-99 g. for luemoglobin 



value and of 7-31 millions to 4-19 millions for red cells will include nearlv 99 per cent of 
observations on normal monkeys. Accepting, therefore, ll'O g. and 4-2' millions, as the 
lowest. Umitspf normal values, we find that out of a total of 122 blood counts made on monkeys 
experuuentally infected with malaria, 88 showed evidence of aneemia and 34 did not. 

The ' uon-amcmic * counts occurred either in the pre-patent or in the patent sta^re wlien 
only a low degree of parasitoemia- was present. Anaaiuia, however, invariably resnltslis .soon 
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as the parasites reach a certain concentration, varying in different monkeys, but aenprsllt- 
round about 1 per cent of red cells. It is clear from the graphs that the course of aniemia 
depends largely on the yonr.sc of malarial infection and that even among animals exhibitme 
the same type of infect i_oi_i ; reactioms vary_ greatly froni_monkey to monkey. With adequate 
and timely quinine Administration, the peripheral blood "always becomes negative and ivitb it 
the condition of blood, often but not always, improves to a marked degreed ’ 



Geaph 10. — Monkey No. 4, showing changes in blood values 
and the rate of parasites in a chronic infection. 


\ . ^ 

The type of malarial anseinia in monkeys is best studied by cornparing game 

and MCH values of each animal after the onset of anpmia, with simuar va ,, gg means 
monkey, before it was inoculated with malarial parasites. To the 
•the ‘ t ’ test devised by Fisher (1938) is applied. _ It is found that so iar as 
values are concerned there is no significant change in any animal, while -c jjt change. 
MCH values are concerned, with the exception of one monkey there is no g 
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"When, however, these corpuscular constants ate projected as a dot diagram against .the back- 
(T:ound of normal variations for these values, a wide scattering is noticed in the distribution. 
Thus, for instance, out of 88 ansemic counts, as many as 24 (about 27 per cent) have a mean 
corpuscular volume of 94-5 [j? or more as against only six (about 2 per cent) out of a 
total of 245 normal counts (loc. eit.). But as the increased red cell size in these 24 counts 



Graph 11. — Monkey Jfo, 22, shoving changes in blood values and 
the rate of parasites in a chronic infection. 


is not accompanied by any commensurate increase in hsemoglobin content of the order of 
28-8 VY or more, this macrocytic tendency requires some explanation. It is to be noted that 
these macrocytic counts do not form the bulk of ansemic counts in any single monkey and are 
more or less directly related to the degree of aniemia as well as to the number of reticulocytes 
in blood. Dameshek and Schwartz (1938) have shown that increased reticulocytosis might 
lead to what they term ‘ pseudo-macrocytosis ’. On the other hand. EUas and Kaunitz (quoted 
by Mohr, 1938) and later Brown et al (1942) have pointed out that anoxjemia and acidosis 
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The absorption bands of h^mochromogen. 

There is a discrepancy in the illustrations or descriptions of the spectrum of hsemochro- 
mogen given in well-known hooks. According to some workers the right-hand band (on the 
observer's right), in the green, is narrower than the left-hand band (on the observer’s left), in 
the yellow (Sutherland, 1907 ; Hutchison and Hunter, 1935 ; Lloyd, 1935) ; while according 
to others the right-hand band is broader than the left-hand band (Plimmer, 1933 ; Lucas, 1935 ; 
Smith. 193S). ' 

The absorption bands of cyanh.-f.mochromogex. 

The writers are not very familiar with the bands of heemochromogen. They employ 
routinely the bands of cyanhjemochromogen in establishing spectroscopically the presence 
of blood in stains of which they test seventeen to eighteen thousand a year. Evidence of 
the same discrepancy also exists with respect to these bands. The right-hand band is stated 
and/or .shown to be narrower (Lloyd, loc.cit. : Modi, 1943) than the left-hand band, but is 
known to be broader to the present writers, as shown in the following photograph taken 
with a spectrograph. 

The process employed in taking the photograph was this : — 

Forty-five mg. of dry blood were dissolved in 8 c.c. normal saline and 1 c.c. of 10 per cent 
KCN solution added. After about half an hour, when most of the blood had dis- 
solved, about 0‘75 c.c. of ammonium sulphide was added. After shaking well the clear fluid 
was transferred to a cell. The spectrum was taken within 5 minutes. 


i \ 

wtaam 


The smaller photograph is a contact print. 

The larger photograph is an enlargement. 

The white upright lines on the left-hand mark 
the red end. 

The right-hand band (towanls the violet end) 
is fainter but broader. 

For .studying the absorption spectrum of cyanha-mochromogen prepared in this wav. a 
Carl Zeiss medium quartz .spectrograph was used vith a dispersion of about 58 A per mni. at 
5.000 A. The source of light was a 100 watt Osram bulb which gives a continuous spectrum 
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of faivh" uniform intonsity in tlie required region. It was found that the absorption band on 
the longer wave-length .'^ide (red end) was inten.sc and that on the shorter wave-length side 
(violet end) faint but broader. 

The solution was examined d hours later with a direct- vision spectroscope. The bands 
were at first very faint, but again became prominent when a few drops of ammonium 
sulphide were added. Another photograph was then taken. In this photograph also the 
absorption band on the sliorter wave-length side was found to be the broader of the two 
as before. 

In routine micro.spectroscopy as practised in the writers’ laboratory a small fragment 
of the stain is placed on a slide and to it arc added I drop of a 10 per cent solution of potas- 
sium cyanide and 1 drop of ammonium sulphide and a mica cover slip applied. After locating 
a cherr3’’-red spot with the microsco])c the eye piere. of the latter is replaced by the direct- 
vision pocket spectroscope. The right-hand l)nnd is alwavs broader though a part of it is 
rather faint. In this technique the quantitv' of the added reagents is greater. 

The reason win* the reverse is stated to be the case a])pears to be that in the direct- 
vision method the right-hand band begins to fade soon after it has become visible. 

The right-hand band does not a]ipcar to be very important. ‘ The presence of the intense 
band (left hand, S. D. S. G.) is considered .sufficient proof of the presence of blood, assuming 
that the control tests with unstained material in cases of dyed fabrics are .satisfactory’ (Lucas. 
loc.c?/.). There is. however, no difiicultv in .seeing the two bands, when the specimens for 
the direet-vision method are so prepared that each specimen will be seen within a few minutes 
of its preparation, althoush. fallaeion.sly. the ri<iht-hand band is likely to be believed to be 
narrower of the two. 


Semblance.s of An.soupTrox nAXD.s of ii/E.moolobix derivatives produced 

BV DYES OF AXI.MAB AXD VEGETABBE ORIGIN, 

Another discrepancy concerns the semblances of the spectrum of cyanluemochromogen 
shown bj’’ cochineal, alkanet root and madder. These dyes are known to have spectra 
which superficially resemlile those of hmmoglobulin derivatives (Lloyd, loc. cit. ; Lucas, loc. 
cif,). They are, however, stated not to have any sucli spectrum when treated as a n 
stain is treated for obtaining the sjiectrum of cyanhoemochromogen (Lucas, he. «(.). ^ 

writers find that cochineal when so treated produces a spectrum which can he nustakeu 
that of C5'’anh0emochromogen. As the dyes do not give the benzidine -j. 

the preliminary chemical tests they are not likely to lead to an error, because o ' 
spectra, in the systematic examination of blood stains. The need for a_ ^herrv- 

spectroscopy, however, is obvious, especiall}’^ when dealing with dyed fabrics. 
red colour of cyanhaemochromogeii under the microscope is an important con rm 
requirement. 
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Exdejitc filarial infection due to Wuckereria malayi was recorded by the author in 
Patnagarh in Orissa Feudatory States (Sundar Rao, 1936) and in Ratanpur in Bilaspur district, 
C. P. (Sundar Rao, 1940). Tt was formd that both these rural areas were at one time 
important trade centres of the ancient Hindu kings, still having their relics of a large number 
of tanks in each area with suitable conditions for the breeding of the mansonioides spp. of 
mosquitoes, via. tanlcs covered with Pisiia stratioles and contaminated with rich organic 
matter. In a search for similar areas in Chattisgarh division a clue was obtained from the 
residents of Ratanpur that in Dhamda conditions similar to those in Ratanpur existed, 
Dhamda having been a trade centre closely connected with the kingdom of Ratanpur. A 
survey of this village was undertaken in February 1942 and the results of the sunmy are 
recorded here (cf. District Gazetteers, C. P., 1910). 

Dhamda village in Drug tehsil is situated 21 miles to the north of Drug town which is the 
headquarters of the district of the same name in Central Provinces. Drug tehsil lies between 
20*^ 51' and 21° 33' N. and 81° 6' and 81° 37' E. The area of Dhamda proper is 3,600 acres 
and consists of an open plain of fertile black soil alternating with sandy soil and gravel, mainly 
devoted to the cultivation of wheat and rice. The climate of Dhamda like that of Drug is 
exceptionally hot in summer and fairly cold in winter. The average annual rainfall is about 
47 inches. 

The village is divided into nine mohallas or wards, with 879 houses, mostly thatched mud 
huts, and has a total population of 3,628. The population consists mostly of Hindus (3,319 
comprising of 37 different sects). 287 Mohammedans and 22 Indian Christians. Agriculture 
is their chief ocaupation. , <' 

There are no roads in' the village except the main road from Drug which passes through 
Nankatti, Dhamda, Deorbija to Bemetara. There are no drains nor conservancy except 
hand-removal of night-soil from a few latrines attached to the district board buildings. The 
rest of the population use scrub jungle or open ground for defaecation. ' TTater-suppIy is 
obtained from wells and tanks. 

To determine the incidence of filarial infection in this village, population free from filarial 
disease was examined at night between the hours of 9 p.m. and midnight, and thick smears 
of peripheral blood from the finger were taken for subsequent examination. In a total of 120 
persons thus examined 16 were found to show Mierofilarice malayi infection {13'3 per cent). 
There was no bancroftian infection in any of them, 

A house-to-house survey for filarial diseases showed that in the whole population there 
were SO cases of elephantiasis of the legs or hands {2-2 per cent). The cases of elephantiasis 
gave a history of lymphangitis which recurred in a mild or severe form at varying intervals. 
Abscesses along the main lymphatic vessels were common and scars of abscesses were present 
in a great majority of these patients. Xo case of hydrocele, chyluria. lymph-varis: or 
; elephantiasis of the genitals was observed in this area. 

_ The following species of mosquitoes were found to be prevalent in Dhamda during the 
period of the survey. They were kindly identified by Dr. M. 0. T. Ivengar, d.sc., Ofiicer-in- 
Charge. Bengal Malaria Research Laboratory. Public Health Department. Calcutta. 

Mansonioides annulifera. Jlamonioides uniformis. 

Ciller fotigans. Anopheles ciilicifacies. 
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of fairly uniform intpiisity in tlie required region. It was found that the absorption hand on 
the longer wave-length side (red end) was intense and that on the shorter wave-length side 
(violet end) faint but broader. '' 

The solution was examined <1 hours later with a direct-vision spectroscope. The bands 
were at first very faint, but again became prominent when a few drops of ammonium 
sulphide were added. Another photograph was then taken. In this photograph also tk 
absorption band on the .shorter wave-length side was found to be the broader of the two 
as before. 

In routine microspectroscojiy as practised in the writers’ laboratory a small fragment 
of the stain is placed on a slide and to it are added 1 drop of a JO ])cr cent solution of potas- 
sium cyanide and 1 droj) of ammonium sulphide and a mica cover slip applied. i\fter locating 
a cherry -red spot with the microscope the eye piece of the latter is replaced by the direct- 
vision pocket spectroscope. The right-hand band is always broader though a part of it is 
rather faint. In this technique the quantity of the added reagents is greater. 

The reason why the reverse is stated to be the case appears to be that in the direct- 
vision method the right-hand band begins to fade soon after it has become visible. 

The right-hand band does not appear to be very important. ‘ The presence of the intense 
band (left hand, S. D. S. G.) is considered .sufficient proof of the pre.scnce of blood, assuming 
that the control tests with unstained material in cases of dyed fabrics arc .satisfactory ’ (Lucas, 
loc.cil.). There is. however, no difficulty in seeing the two bands, when the specimens for 
thf' direct-vision method are .so prepared that each specimen will be seen within a few minutes 
of its preparation, although, fallaciously, the riuht-hnnd band is likely to be believed to he 
narrower of the two. 


Semblances of absorption bands of H/F.moolobin derivatives probuckp 
BY DYES of ANI.MAL AND VEOETABLE ORIGIN. 

Another discrepancy concerns the semblances of the spectrum of cyanluTinochromogen 
shown by cochineal, alkanet root and madder. These dyes are known to have spectra 
which superficially resemble those of hannoglobnlin derivatives (Lloyd, loc. cil. ; Lucas, iw- 
cf/.). They are, however, stated not to have any such spectrum when treated as a 
stain is treated for obtaining the spectrum of cyanlncmochromogen (Lucas, loc. cd.). 
writers find that cochineal when so treated produces a spectrum which can be unstaKen 
that of cyanha3mochromogen. As the dyes do not give the benzidine -j. 

the preliminary chemical tests they arc not likely to lead to an error, because o i 
spectra, in the systematic examination of blood stains. The need for cherrv- 

spectroscopy, however, is obvious, especially when dealing with dyed fabrics. Jiifi 
red colour of cyanhneinochromogen under the microscope is an important con r 
requirement. 
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Introduction. 

The strides which have been made in recent years in our knowledge of the 
antigenic structure of the Salmonella group of organisms have resulted not only in a great 
increase in the number of serologically distinct types which has been recognized, and which 
now exceeds 1 20, but also to a considerable clarification of our views^ on the epidemiology 
of Salmonella disease and the type of disease resulting from infection. The bulk of this 
work has been carried out by Salmonella Centres, principally in Denmark and North 
America, which have been set up to co-ordinate the mass of dispersed and sporadic findings 
hitherto reported and to supply the skilled and specialized staff necessary for the accurate 
identification of the rarer members of the group. The principal outcome of the extension 
of our knowledge of the group is reflected in the change which has coine about in 
our perception of the problems of epidemiology and of the various ways in which infection 
may manifest itself in man. At one time it was considered that Salmonellas could 
be divided fairly rigidly into two groups : those that were pathogenic for man and those 
causing disease in animals. Furthermore, human infection was generally regarded as dis- 
playing itself either as an ‘ enteric-like ’ fever due to Pact, iyphosum or the ‘ paratyphoid ’ 
bacilli or as a simple gastro-enteritis caused by Pact, enieritidis or Pact, typhimurium or 
the preformed toxins of these organisms in food. These conceptions have been shown to 
be fundamentally unsound. Although Pact. Iyphosum and Pact, paratyphosvm A and P 
have become very largely host-adapted to man, this adaptation cannot by any means be 
regarded as exclusive. Both Pact, paratyphosum A and P have on many occasions been 
isolated from mammals and birds and two epidemics of infection with Para P have been 
reported by Savage (1942) which probably originated from infected dogs. Spontaneous 
fatal infections due to Pact, paratyphosum A in white mice have been reported by Zozaya 
and Varela (quoted by Bornstein, 1943) from Mexico where human infection with this type 
is common. Even Pact, typhosum, usually regarded as an exclusively human pathogen, 
has been isolated from a fowl. A few other Salmonella are host-adapted to a high degree 
the most typical examples being Pact, pullonm and Pact, gallinarum which cause bacillar^ 
white diarrhoea in fmrl but which have also been isolated from disease in man. "With reggj-]^ 
to the remainder, some of which are commonly isolated from man — ^for examuJo 
Pact. typMmurhm, Pact, enieritidis. Pact, enieritidis var. duhlin and Pact. choJe.rcB-sufg_l 
the following points should be noted : — 

1. Almost without exception, Salmonella which have been proved to be pathogenic 

for man have also been incriminated as the cause of disease in animals. 

Similarly, the great majority of types primarily isolated from an animnl 

source has now been isolated from human infections of one sort or another. 

2. Figmes compiled on a large scale by three Salmonella Centres showing the 

fre^ency of Salmonella types among man and animals (including fowl) in 

Aorth America exhibit a marked correlation bet.veen the incidence in animals 
and man of any one type of more than twenty studied (Bornstein, loc cit ) 
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Mansonioides species were found to breed in most of tiie big tanks. All these tanks were full 
of Pistiu stratiotes. Cidez fatigans was found to breed in small collections of water near tie 
wells. 

Mosquitoes collected from habitations from different parts of Dhamda were dissected 
and examined for filarial infection. Of these only Mansonioides annnlifera showed the infectioa. 
The most common species of mosquito in the area was 31. afnndifera. It is apparently tie 
most important transmitter of filarial infection in Dhamda. 


SuMMAR'i'. 

Dhamda in Drug district (C. P,). a moderately big village, has endemic filariasis. the infec- 
tion being due to TP. malayi. The microfilaria rate is ]3‘3 per cent and the filarial disease 
rate is 2'2 per cent. Elephantiasis of the genitals, hydrocele and chyluria are entirely absent. 
The mosquito survey showed a prevalence of Mansonioides species. Mansonioides aninilijem 
is the commonest mosquito in Dhamda and appears to be the chief transmitter of filarial 
infection. The breeding places are the large tanks covered with pistia. 
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were received for verification of dingnosis. Of these, ].299 were identified as Bact. typhos^m. 
This leaves a balance of 548 organisms of other types. Tims, thirty per cent of all organisms 
of the Salmonella group recehed bv us Imve been other than Bact. typJiosum These figures 
are the average obtained over a period of four years during the greater part of which the size 
and living conditions of the Army in India have, on the whole, undergone substantial change. 
They do not as they stand, take into account relative variation in the incidence of infection 
by the various types during this period. This variation is shown and represented graphic- 
ally in Table I and the Graph respectively : — 


Table I. 


Year. 

r 

Strains or Bad. typhosiim. 

Strains or other 
Salmonellas. 

Total 

number. 

Other 

Salmonellas. 
Percentage 
of total. 

Number. 

Percentage 
increase on 
previous year. 

Number. 

Percentage 
increase on 
previous year. 

1941 

166 

17-8 

72 

9T 

238 

30-4 

1942 

318 

92-7 

66 

—8-3 

384 

17-2 

1943 

394 

23-9 

170 

157-5 

564 

30-1 

1944 

421 

6-6 

240 

40-6 

661 

36-3 

Total 1,847 Average 29'7 


The number of isolations of Bact. typhosnni rose steeply from 1941 to 1942 but there- 
after the percentage increase has progressively declined. This increase is purely in numbers 
of cases and is due to the rapid expansion of the Army in India following the Japanese threat 
at the beginning of 1942. The incidence of enteric per 1.000 of the Army in India 
has actually fallen throughout this period. 

Isolations of Salmonella other than Bact. ty^iosum did not show any corresponding 
rise from 1941 to 1942 ; in fact, there was a slight but probably insignificant fall 
in their number. "From the end, of 1942 onwards, however, their number started to rise and 
has continued to do so progressively up to the tim’e of writing, despite the tailing off in the 
increase in Bact. ty]}liosum isolations. The probable reason for this continued increase will 
be dealt with later. It must be pointed out that the original figures for 1941 were compli- 
cated by the large numbers of Italian prisoners of war entering India in that year. Enteric 
was prevalent among these men. A considerable number of isolations of Bact. paratypho- 
sum B were received from them but this organism, judging by subsequent findings, failed 
to establish itself outside the camps where the Italians were interned and was later replaced 
by a Bact. paratyphosum A infection. In view of the abnormal conditions of active 
immunization and environment under which these men existed and of the fact that the\- 
must' have imported much of their source of infection with them, as is shown by the high in- 
cidence of ‘Baer, paralyplmum B infection among, them, all isolations received from them 
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Wlicro ihc infect ivily vote in aninnils is liiyli the ineklence in mani? 
(•()iTes]H)n(1in<rly great. AMiere the incidence in animals is nioclmte or loa 
the incidence in man follows suit. 

3. There is little' doubt that non-liost-adaptcd orpmisrns may become teraporanlT 
host-adapted during the course of an epidemic and that this adaptation im\ 
be associated with a change in the character of the disease. This has lietn 
observed in the case f)f Bart. jHiraliipliofaim B wliich may be regarded as inter- 
mediate in adaptability between Bart, hjplmwn and the majority of otk 
Salmonellas. In some outbreaks of infection with this organism the earlj 
cases have sufTered only from gastro-enteritis, while typhoid-like case' 
develo]ied later in the epidemic (Savage, lor. cil.). In occasional epidemics 
only gastro-enteritis cases have been reported (b'cemstcr and Anderson, 1939) 
It is fair to assnmc tliat. a])art from Bari. and the majority of infec- 

tions with Bart, paiatupho^inn A and 71, animals form the reservoir o! 
Salmonellas and that hnman infect iorr is derived, in the main, from 
the contamination of foodstuffs witli animal excreta. The hnman canier 
should not he forgotten as an inpmrtant secondary method of spread. These 
types arc not host-adapted to any c.xtent bnt. by successive passage from 
man to man, their ])atlingonic role may alter and give rise to infection of a 
more invasive nature. 

The object of the ncx't section of this ])a])er is to jrresent a survey of Salmonella 
infection among Army jrersonnel in India. So far as wc arc aware such a survey has 
not hitherto been published. 


Incii)i:nce axd tvpk. 

One of the duties of the Serological Department of the Central Military Pathological 
Laboratory (India) (formerly the Enteric Laboratory, Kasauli) is the confirmation 
of bacteriological diagnoses of all organisms of the Salmonella group isolated by mihtnn' 
laboratories in India and South-East Asia Commands. Our figures should, therefore, 
be representative of the state of affairs obtaining in the Army throughout the whole ol 
India and Ceydon but the number of organisms received is, in most cases, insuffipienth 
great to warrant the stressing of any apparent regional prevalence as being sigiuficaj' . 
Criticism of the statistical significance of our figures may be forthcoming on the follonfflg 
grounds ; — 

1. Not only do all .laboratories not send for verification the Salmonellas isolated f)) 

them but it is probable that tliose laboratories that do utilize onr 
to send all their primary isolations. Steps have already been a 
to remedy this. 

2. The organisms received for confirmation of diagnosis are not a fair 

of those isolated since tliere is a tendency to forward only those types 
difficult of identification. This will tend to give bias to the rarer types 
to diminish the apparent incidence of the commoner types. 

3. The nmnber of cases from whom the causative organism is 

not necessarily form an accurate index' of the true number - |[.. 
tions. They do, however, coincide with the number of ° J e^or 

proven cases wliich, taking into account the considerable possibih 
when diagnosis is made on clinical and serological grounds alone, 
only true basis from which valid conclusions may be drawn. 

Criticisms 1 and 2 are valid, but are equally applicable to all ^^pg^Pave the 

bv their nature usually preclude close co-operation with the clinician. Onr ngi of 

^ ^ • isolations and are not confused by thee 


merit of dealing only with primary 
duplication. 


of 1945 


ication. . 

The data here published cover the years 194], 1942, 1943, Q^f_fnnelia 

945, During this period a total of 1,847 organisms oi the d 


( 178 ) 



An explanation for tlie continued rise in extra-typlioid isolations can be found in an 
analysis of tie types of tiese strains. Suci an analysis of 548 strains, excjjisive of 
Bact. typJiosiim, is given in Table II : — 


Table II. 


KcMBEK SEUEIVED roil VEKlnCAIIOS dueiko 


Organism 

(excluding Bact. typhosum). 


r 

1941. 


194i>. 


1943. 


1 

1944 and 
6/52 1946. 


Total. 


Bad. paratyphosum A 

... 

60 

52 

93 

76 

281 

Bad. paratyphosiim. B 

... 

5 

0 

2 

0 

7 

Bad. paratyphosum G 

... 

4 

4 

20 

82 

110 

Bad. enteritidis 

... 

0 

7 

48 

56 

111 

Bad. enteritidis var. dublin 


0 

0 

2 

12 

14 

Bad. typhimurium ... 

... 

3 

3 

2 

10 

18 

Miscellaneous 

... 

0 

0 

3 

4 

7 

Totae 

... 

72 

66 

170 

240 

648 


The most interesting features of Table II are the figures relating to Bact. para- 
typliosim C and Bad. enteritidis. TiTiereas the apparent incidence both of Bad. typhosum 
(see Table I) and of Bact. paratyphosiim A infection does not show any marked aggregate 
variation which cannot be accounted for by the increase in size of the Army in India over 
the four-year period, that of Bact. paralyphosim C and Bact. enteritidis shows a significant 
and progressive rise. It is here that we find the explanation of the continiied rise of extra- 
trqfiioid infection and the divergence of its rate of increase from that of ' Bad. iyphosit 7 )>. 
Another point of interest is the infrequent occurrence of Bad. paratypliosum B which, in 
India, may be regarded as a rare Salmonella. The number of strains of Baet. enteritidis var. 
ditbhii and of Bact. typhimurium are too small to permit any conclusions as regards 
incidence to be drawn. 

Isolations under the heading 'Miscellaneous’ comprise two strains of Bad. anatim 
from blood culture in man, two strains of monophasic Bad. cholercB-suis (var. hunzejidorf) 
derived from blopd cnltoe, one strain. of diphasic Bad. chohrce-sais isolated from pus, one 
strain of Bad. vircJmo in pure culture from an infected hemothorax and one strain of Bact. 
Utchfield from a sick dock. After the analysis of our figures had been made, a 
strain of Bad. morhificans Sorts was received for 'identification %vhich had been isolated from 
an unspecified source in a case of human infection. 

The .anatomical sources from which Sabnonella received dining the I’ears 1943 and 1944 
the only years for wind) these fisiire-s are available — were i.^olated .are .shown in 
Table III : — 
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liavc been excluded from our fif^oirc.s.^ Allowing for flic facia quoted above, it seenis reason- 
able to infer that not only arc infections due to .Salmoncllas otlicr Hian Bed. hjphsummm 
prevalent tlian is suspected Imt- lliat their relative incidence is iiicrcasiDg. Suet a 
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deduction would be valid if it is allowed that,_ durmg the penod under ^ahoratoiy 

quality nor the assiduity of the pathological services feeding the ^gjjaiited. 
has undergone substantial change — an assumption which we Delieye t 
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Up to May 1943, when the policy concerning the_ disposal of British^ military 
.enteric patients was changed, part of the duties of the Enteric Laboratory, Kasauli, was the 
clinical and bacteriological control of all British military personnel in India who 
were considered as convalescent from an attack of fever of enteric type. Of 237 of these 
patients dealt with during 1942 and the early part of 1943 it was found that only some 33 per 
cent had been diagnosed by the isolation of the causative organism, the remainder haying 
been labelled ‘ unspecified enteric ’ on symptomatic grounds, with or without the assistance of 
a suggestive Widal reaction. It is probable that a proportion of these latter cases 
had never sirffered from enteric fever at all. At the time that this state of affairs became 
apparent, one or both of two factors were considered primarily responsible for the 
unexpectedly low percentage of cases in which the diagnosis was unequivocal. The first of 
these was failure on the part of the physician to perform early blood culture in all cases of 
undiagnosed pyrexia, either because a possible diagnosis of enteric was not considered until 
investigation into the more common causes of fever in the tropics had proved abortive or 
because a high proportion of cases had not become hospitalized under conditions 
where adequate laboratory facilities existed during the first week or more of their attack. 
♦During the first week after onset of enteric fever the frequency with which Bact. tyj)liof<um 
may be isolated from the blood is about 90 per cent, falling to rather more than 70 per cent 
early in the second week, to GO per cent in the middle of the third week and to 40 per cent 
in the middle of the fourth week (Topley and Wilson, 1936). The second factor considered 
of importance was the entire absence in military laboratories in India of a good selective 
medium for the isolation of organisms of the Salmonella group from the stools of 
those patients in whom diagnosis by blood culture had been missed. This is now being 
rectified. If we accept the former premise that only one-third of cases of presump- 
tive enteric fever in the Army in India is diagnosed bacteriologically, the figures in Table III 
relating to Bact. typhosum and Bact. A amply support our second 

assumption that the failure of bacteriological diagnosis in the' remaining cases lies 
in the failure to isolate the causative organism from the stools. Some ninety per cent 
of primary isolations of these two organisms are from the blood and more than 
half the remainder from the urine, internal organs or exudates from which culture 
presents no difficulty. Only 3 ‘9 per cent of all primary isolations of these two 
organisms were from the faeces. 

In connection vith Table II, attention has been drawn to the high and increasing 
incidence of infection with Bact. cnteritidis. In fact, figures for 1944 show that this 
organism and Bact. paratyphosmi C are competing .strongly with Bact. paratyp)hoswn A 
for second place in the causation of Salmonella disease in the Army in India. Bact. 
cnteritidis has long been regarded, together with Bad. typhimvrinm, as the classical 
aetiological agent in bacterial food-poisoning with gastro-enteritis in man. Descriptions of 
cases in whom Bact. cnteritidis has displayed an invasive role are extremely rare in medical 
literature. Since IVhite (1929) first demonstrated the antigenic differences between Bact. 
cnteritidis [gcertner) and Bact. cnteritidis var. dnhlin, most of the strains incriminated as the 
cause of an invasive type of disease have been identified as dublin variants. Moreover, the 
majority of these cases have occurred in infants and young children who are not only Very 
susceptible to Salmonella infection in general but in whom the well-known clinical 
differences between human infections with Bact. paratyphosiim B and Bact.' iyplmmirium 
are not very marked (see Bornstein, loc. cit.). Deference to Table III will make it 
clear that, in India, the vast majority {87-5 per cent) of isolations of Bact. cnteritidis in man 
liave been from blood cultme, while the greater part of the remainder of isolations of this 
organism has been from situations which presume for it an invasive role. Less than four 
per cent of isolations have been from the faeces. ;Moreover, all these isolations have been 
from adult males who have been considered suitable for militar}^ service. The number of 
strains of Bact. lyphimmhm verified by this Laboratory has been small. This organism 
too, IS generall)' regarded as being responsible for a simple gastro-enteri<^is resulting from 
the consumption oF infected food. It will be .seen from Table III that, of twelve strains 
rsol.atcd. ten were obtained from blood culture and only two from fseces. Xinc out of the 
ten mv.asiyc stmiiis were isolafed from cases in a small epidemic of continuous fever 
occurring m Karachi. 
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Sources of Salmonella strains received dvrimj 1943 and 1944 . 



• Thieo strains isolated from well and swimming-pool waters and included in 'I’ablo I are excluded fiom these figuies. 



In all strains tliis antigen was present in TW form in that (0) agglutmation -Ras 
impaired either not at all or only to a slight degree. Agglutination, ho^eveij is 
usually only to a fraction of the titre of the Vi serum. ^ Slide agglutmation using 
pure 'Vi serunr is the standard technique employed in testing for Yi antigen. In a 
considerable proportion of strains it has been found that, using this method, _ no 
agglutination occurs when 24-honr cultures are used as agglutinogen. Agglutination, 
however, is invariable ivhen logarithmic phase agar-slope cultures are employed. 


Bact. enteritidis. 


One hundred and eleven strains of this organism have been received since the 
beginning of 1942. AH, with one exception (see ‘Anserogenic strains’ below), were 
biochemically typical in that both rhamnose and arabinose were fermented. Dabhn 
variants attack rhamnose only. All strains, both gartner and dvhhn, fermented dulcitol 
but it was noticed that, while dublin strains invariably fermented this sugar during the first 
24 to 48 hours of incubation, fermentation by gartner strains not occur until after the 
fifth day and frequently much later. "With one strain acid was not produced until 
the seventeenth day of incubation. This is considered a point of considerable differential 
value and one which, so fat as we know, has not been reported before. 

It has been shown in connection with Table III that over 96 per cent of strains 
of Bact. enteritidis were isolated from blood or from other sources indicative of in- 
vasion in cases of continuous fever in man. In view of this marked departure of the 
organism from its tBual pathogenic role it was considered worth while examining the 
strain'! at our disposal for the presence of an additional antigen analogous to the Vi 
antigens described by Felix and Pitt (1936) in Bad. 'paratypho&uin A and B and in 
Bad. igphimnrmn. Felix and Pitt failed to detect the presence of any such antigen 
in the strains of Bact. enteritidis they examined but it is probable that these strains 

•i-l f .-I . • • . 1 • •» r 


were either of animal origin or derived from gastro-enteritis in man. Rabbits were 


immunized iidth tuo freshly isolated strains of geeriner and the resulting antisera 
absorbed with homologous suspension which had been treated with 5 per cent HCI 
for 48 hours followed, after neutralization, by heating for two hours at 94®C. Such 
treatment should have no effect on the heat and acid-stahle (0) antigen. After absorp- 
tion. a residual agglutinin of titre 160 to 320 was left in both, sera against the 
immunizing suspension, alcoholized with absolute alcohol for 10 minutes to destroy 
flagellar agglutinability. The agglutinability of fresh, alcoholized suspensions by these 
sera was halved after heating at 94'C. for 15 minutes, although control experiments 
showed that the sensitiveness to agglutination by ‘ stock ' enteritidis (0) antiserum 
was unaltered by heating or by treatment with HCI followed by beating. YTien a 
slide technique was used, while unheated suspensions reacted strongly with the absorbed 
sera, only a trace of agglutination or, more usually, none at all’ was observed uitli 
the same s'lspension after heating. The two absorbed sera were tested bv the slide 

method against 14 .strain.? of Bad. enteritidis. Thirteen of these strain.s. isolated from 

blood culture, reacted strongly while the fourteenth strain, isolated from the stool of a 
case of gastro-enteritis. did not react at all. Five strains of the dublin variant also 
failed to agglutinate as did Bad. enteritidis vars. mosemo and rostocJ:, three strains of 
Bad. tgphosum and several strains each of Bad. paratyphomm A, B and C. Mouse 
protection experiments have not been performed. This work was carried out at Kasauli. a 
cool 1ml statzou situated at an altitude of 6,000 feet above sea-level in the Himalayan 
foot-hills. The Laboratory subsequently moved to Poona where the climate is considerably 
warmer. Here we have met with consistent failure in our efforts to confirm thes'e 

experiments.^ n^ether this is due to failure of rabbits to respond so well to weak 

antigenic stimuli under warm environmental conditions, to a change in the strain of 
rabbit used or to some other factor is not known. It has been noticed that, using 
the same steams for injection. (0) Salmonella titeeS ohtamed in Poona have, on the wliole 
been significantly lower than those regularly obtained at Kasauli. ^foreover. while no 
di bculty was encountmed at Ivasanb in producing strong .drrplocrxcal grouijing sera 
rabbits mocubated at Poona have responded only very wcakR- or not at all. ‘ 

( 185 ) * ' 


During-. 





. tlie course of this latter lyork; several' antigenic differences between strains of Bad 
cnienlidis .have become ai^parent, Kanffmann (1941) has demonstrated that both the 
Salmonella ( 0 ) factors J and XII arc subject to a type of variation reminiscent of 
flagellar diphasic variation. In the ease of factor XII which is shared by BacL lyphsmi 
Bact^ enieritidis (all . variants) and.Bact. jmraiyphoswn A and B, three components, XIL 
XIIo, XII3,. have been demonstrated. Onlj^ component XTL is subject to variation! 
When this component is dominant, it appears appreciably to ‘mask’ the other two 
components so that strong agglutination occuns w'ith a XIIo serum but only weak and low 
titre agglutination with sera against XITj and XII3. The converse' of this occurs 
when XII 2 is recessive. Kanffmann (he. oil.) has .sliown this variation to occur in 
Bad. lyphosum and in five strains of Bad. enieritidis l)ut states that variation in 
factors 1 and XII occurs (piite indcj)eudcntl 3 \ Antigenic analy.sis of 38 ol om gmlna 
strains strongly snggests that two distinct antigenic (0) t\*pc.s exist and that both these 
types may differ from duhlin strains which appear to he antigenically more homogeneous. 
Eouglily ojie-tliird of strains lias been shown to possess tlic '(O) factor I and possession of 
this factor appears to be correlated with cither complete absence or recessiveness of 
component XIIo. 'Die remaining two-thirds of strain.^ wliicli lack factor I, possess 
component XIL> but ap|)car to lie deficient in one of tlic other two components— 
probably XII3. Provisional antigenic formulm allotted to these types are : — 

Type A — I, IX, XIIj, XII3 (? heat-labile antigen). 

Type B — TX, XII j, XITi; (? heat-labile antigen). 

This work is not yet complete and will be described more fully elsewhere at a 
later date. A difi’erentiatiou of Bad. enieritidis into two clear-ent types which can 
readily be distinguished by slide agglutination with absorbed sei mn may he of some 
epidemiological value. 

It is stressed that the componeuls of factor XII cannot, as their nomenclature 
implies, be regarded as minor antigens of little im]X>rtance since they are highly 
antigenic and are probably responsible for the considerable degree of cross-immunitv 
that exists between Bad. lyphosim and Bad. paratyvhoswn A and B (Longfellow and 
Luippold, 1942). 


Anairogenic Sahnonella strains. 

Aneerogenic variants of five common (erogenic types Imve been described in the 
literature to date. These are Bad. paraiypliosim A (see Xalrih, 1941), Bad. para- 
lyphosum B (Warren and Iredale, 1934), Bad. paraiyplios^mi C (Nabih, he. cit.), Bac. 
enieritidis (Bruce and Dascoml), 1943) and Bad. typhimuriuni (Stone, 1943). 
ford (1944) record.s tliat, altliough food-poisoning due to ana?rogenic_ variants of Bat^^ 
typhimurium is rare in Britain, such strains are, with the possible ex'cepbon ^ 
staphylococci, the commonest organisms isolated in food-poisoning epidemics m ■ 
Anaerogenic variants of Bad. suipestifer have also been described (Savage and White, 19 )• 

In our series we have encountered one strain of Bad. paratyphostm J, 
of Bad. enieritidis and three strains of Bad. enieritidis var. dublin i Lnins 

produce any trace of gas in the sugars which they fermented. Three additiona s y 
of Bad. paratyphosum A liave been isolated which, altliough producing po 
peptone-ivater-sugans, became mrogeiiic when cultured in sugars prepared ^ jjg 
broth instead of in peptone-water. It is considered that no Salmonella _s . 
labelled as a true aneerogen unless it has failed to produce gas when hns 

broth (Lemco meat extract and peptone) ' to which a fermentable carbo^ 


a, . ntinlious 

been added. The three anmrogenic duhlin strains were derived from cases 0 co^ 
fever between whom there can have been no epidemiologipal connection. '1 i^een 
know, anserogenic strains of Bad. enieritidis var. duhlin have diagnosis 



together Wirn inaggJiu-uniuiULy uy lyjjiiutiuin -- ■' 'x ]J Jji 

the impression that the organism is not a member of the group at a 
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of Bad. cnterilidis a diagnosis of Bacf. Ujphostm is v&ry likely to be n^acle in view of 
the similaril}' of the ( 0 ) antigens of the two organisms. 

Naturally occurring non-motile Salmonella variants. 

The isolation of true (0) variants of vSalmonellas from disease in man is rare and 
the complete absence of flagella may give rise to difficulties in bacteriological diagnosis. 
The criteria adopted to establish the permanence of the absence of flagella have been 
as follows : — 

1 . Tfailure to show any evidence of motility microscopically and failure to induce 

motility by repeated subculture in broth, both at room temperature and 
at 37°C.. and by attempted passage through semi-solid agar. 

2. Complete inagglutinability by (H) antiserum. 

3 . Inability to absorb agglutinin from an (H) antiserum to the same type. 

4. Failure, on injection into rabbits, to stimulate the production of _(H) agglutinins 

against itself or against motile strains of any other organism of the ( 0 ) 
subgroup to' which it belongs. 

One strain of Bad. giaraiyphosvm A and one .strain of Bad. paratyphosum C have 
been encountered which fulfil these criteria. These strains have been in constant use 
for about nine months and have shown no evidence of flagella formation. They have 
proved useful in the preparation of agglutinable ( 0 ) suspen.sions and ( 0 ) antisera for 
issue to laboratories in India and overseas. The diagnosis of the Bad. paratyphosum A 
strain presented no difficulty since the ( 0 ) antigen of this organism is unique^ in 

containing factor II. Such, however, was not the case with Bad. parntyphosum C since 

15 other organisms share with it a common (0) antigen. Type diagnosis was based 

on biochemical reaction and on the presence in the strain of Vi antigen. One other 

presumptively non-motile strain of Bod. paratyphosim C has recently been received but 
has not 5 'et been e.vhaustively studied. 


Uncommon Salmonella types. 


Bact. anatum. — The two strains of this organism identified were isolated from blood 
culture in man. Four variants of this type have been described, all of which possess 
the same somatic and flagellar specific phase antigens but differ in a component of 
their flagellar group phase antigen. They are Bact. analim (III. X, XXtT ; e. h ; ], 6 ). 
Bad. meunster (III, X, XXVI; e. h ; 1 . 5), Bad. nyhorg {III. X. XXVI: e, h; I, 7) 
and Bad. rejle (III, X, XXVI ^ e, h: 1 . 2. 3). Bact. anatum was originally isolated 
from an epizootic intestinal infection in duckling.s. .411 these variants have," however, 
been isolated from castro-enteritis in man. So far as we are aware, this is the first 
recorded instance of Bad. anatum producing an invasive type of disease in man. 
Greifinger and Silberstein (1944) described an outbreak of 115 cases of acute gastro- 
enteritis resulting from bacterial food-poisoning in American Army personnel in whom 
Bact. anatum was the causative organism in 44 cases (38-2 per cent) though in all but 
four cases it was associated either with Bad. typliimurium or Bact. oranienburg. They 
record that sulphasuxidine was highly eflective in clearing the stools of Bact. anatum 
and, in less degree, of Bacf. oranienburg. Xo isolation from blood culture was described. 
Bacteriological diagnosis of our strains was established in three stages : — 


1. The (0) antigen was shown to be identical with that of Bad. london by 
reciprocal absorption tests and. therefore, to contain the factors III. X. 
XXVT. ... - - 


2. The diphasic nature of the (H) antigens of the .strains was determined. 
Bociproca’i absorption tests showed that, in the .specific pha.'e. the (IT) 
antigen was identical with that of Bad. ncvporl and, therefore, contained 
the factors e, h. 
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3. The (H) group antigen was agglutinated by antiserum against the (H) srotip 
])hase of Bact. lyfliimmium (3, 2, 3) and Bact. cMem-sm {], 5) 

Absorbed factor-specific sera against factors 2, 3, 5 and 7 did not aoetoinate 
the strains wliile anti-factor 6 did. The formula of these strains was 

thus determined as III, X, XXVI : c, h ; 1, G. 

Bad, lyirchov). — One strain was recently isolated in pure culture from an infected 
iirnmo thorax. This is the first recorded i.solation of this organism in India and tlie 
fourth altogether. The three previous recoveries have been from gastro-enteritis, sal)- 
chronic enteritis and septic (mixed) infection in man isce I3orn.steiu, he. cit.). Bad. 
vircJioiv possesses the formula VI, VTl : r : J , 2, 3. Our strain was shown, hv reciproca! 

absorption tests, to share its (0) antigen with Bad. jmratyplmxm 0 (VI, VII), its (H) 

specific antigen with Bad. heUMberg (r) ond its (H) group antigen with Bad. 

typJiimvrimn (1, 2, 3), The organism did not possess the ^'■i antigen of Bad. iyphosim. 

Bad. lilchfidd. — This strain was isolated from a sick duck. It is the fifth isolation 

reported in the literature. The type was first described in 1940 when two strains 

ivere isolated from infected turkeys in America. A Salmonella recovered from a case 
of food-poisoning in man in 1932 and not previously identified was then found to be 
identical wdth these two strains (Edwards and Bruner, 1940). Another strain has been 
reported as having been isolated from a man in Florida by Galton and Qnan (1913). 
Bad. liichfield has the formula VT, VIII : 1, v ; 1, 2, 3. Our strain was shoim, by 
reciprocal absorption tests, to share its (0) antigen with Bad. nenport (VI, VIII), its 
(H) specific antigen with Bad. Jondon and Bad. panama (1, v) and its (H) group antigen 
with Bad. iyphwntmm (1, 2, 3). Vi antigen is describee] as having been extracted 
from Bad. newport (Bouchdi, 1938). This antigen was not detected in our strain of 
Bad. liichfidd. 

Bad. morhificans bovis. — Tliis strain was obtained from an unspecified source m 
disease in man. It has not been included in our aggregate figures since it was 
identified recently during a period not covered by these figures. The type was 
originally isolated from a sick cow* but has since been found to be causative of gastro- 
enteritis and continuous fever in man. It possesses the formula VI, VIII: r; b o- 
Vi antigen was not detected in our strain. 


Discussion, 

In spite of many and detailed reports from Salmonella Centres and other sourcci 
in America, Europe and elsewhere, comparative figures of the types causing infection 
in different parts of the w^orld are difficult to obtaiu because of the exclusion or e 
commoner regional Salmonellas from many records and of the inclusion in 
strains isolated from animals as well as from man. •Over the period covered _ny * 
survey. Bad. parnlyjdtosum A has, next to Bad. iyphosim, been the most consis en 
prevalent cause of Salmonella disease in man in India. Spioradic and 
cases of infection with this organism, although uncommon, are world wide in 

occurrence but they do not, as a rule, attain epidemic proportions except m 
zones. •In Western Europe and North America, if Bad. iyphosnnr is exciude 
paratyphosum B is liy far the commonest cause of fever of enteric type, la 
distinction, this organism is so infrequently isolated in India that it may fie 
as a rare Salmonella. 

Until the beginning of 1943 no Salmonella other than Bad. 
jiaratyphosum A appears to have been of importance in India. C 

attaches, therefore, to an apparent marked rise in incidence of Bad. paia Hr 
and Bad. enteritidis infection in India during 1943 and 3944. In the la ® 
number of strains of Bad. paraiypliosnm C exceeded those of Bad. pad. 

for the same year while the figures for Bad. cnleriiidis equalled^ the avera^ •gggteru 

puralypdiosnm A during 3941 .and 3942. Bad. parniypJiosmn 0 ^*‘‘1 f fjic k’!'' 

Europe and has been reported as prevalent in British Guiana. It JS 
members of the Salmonella gi’oup wffiich appears to be an almost ex’ 
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pathogen. This would presume for it a mode of spread involving only the hnman 
case and tire human carrier. Of the 75 strains received hy us during 1844 only seven 
had been isolated from Europeans, the remainder being derived from Indian personnel. 
Ill all other Salmonella infections from whom a large number of strains have been 
received the ratio of European to Indian cases has been very much higher than this. 
]\Ioreover, the great majority of cases occurred in areas associated with the Burma 
campaign. Thus” during 1944 and the first two months of 1945, 48-4 per cent of 
strains were isolated in forward operational areas. 30'7 per cent w’ere received from 
the District Laboratory. Calcutta, and only 20-9 per cent from areas having no obvious 
connection with Burma.. Although no figures are available, it is understood that in- 
fection with Bact. paratypliosvm C is common among the Chinese and it has been 
suffffested that it may have been introduced into India by Chinese personnel (personal 
connniinication — luent.-Colonel A. li'. D. Leishman, r.a.M.c.). It is also possible that 
the movements of civilian populations following the Japanese invasion of Burma may 
have played a- part in its introduction. The geographical and temporal distribution 
of the strains verified by us suggests the increasing frequency of sporadic cases rather 
than an increasing occurrence of small, localized epidemics. Bad. paratyplwsvm C is 
said to be particularly prone to localization with pus production. It is worth noting 
that, of our 102 strains received during 1943 and 1944. five bad been isolated from 
pus, 'while isolations from this source of Bad. fyphosvw (811 strains), Bad. pnratijpJio- 
sum A (1G6 strains) and Bad. enleriluHs (105 strains) were all under one per cent. 

The problem of Bad. enieritidis falls into a rather different category. It has been 
pointed out earlier that the classical pathogenic role of this organism is to cause a 
localized gastro-enteritis and that accounts of Bad. enieritidis septicsemia have been 
extremely rare in the literature. If this organism had possessed, elsewhere, any degree 
of invasive function one would expect that the occurrence of septicsemia and septic 
complications following infection by it would have become widely recognized in view 
of the large numbers of outbreaks of gastro-enteritis of considerable magnitude which 
have been reported in detail from Britain and Europe in general and from ‘Westein 
Germany in particular. In fact, such complications have been a rarity, have arisen 
almost exclusively in the new-born or in those debilitated by age or intercirrrent 
disease, and have superseded rather than masked a gastro-enteritis. Again, enieritidis 
infection usually manifests itself in the form of large or small explosive ontoreals of 
gastro-enteritis which is rarely fatal, and not in the occurrence of sporadic cases. 

The tvpe of Bact. enieritidis infection now being encountered in India appears 
to differ in almost every respect from what has formerly been regarded as typical. 
From the figmes and records that are directly at our disposal the following features 
stand out : — 


1. The type of infection now occurring is a septicsemia with little or no evidence of 
preceding intestinal involvement. Of our strains 87-5 per cent were 
isolated^ from blood and in the brief clinical notes accompanying a 
proportion of these strains no reference to intestinal localization has been 
made. Less* than four per cent of strains were isolated primarily from 
the faeces. 


2 . 

3. 

4. 

5. 


There appears to be a definite tendency towards localization with pus-formation 

The fatality rate is by no means negligible and appears to lie between five 
and ten per cent. 


-411 these cases have occurred in adult males employed in military service. 

During 1943 there appeared to be no particular regional occurrence of in- 
tection, one or Wo strains being sent now and again from laboratories 
all over ^dra. Throughout 1944 and the first six weeks of 1945, how- 
ever, the bulk of_ strains have been sent from Calcutta, the majority of 
the remainder bemg from forward areas. Over the two-year period 49-0 

Calcutta. 28-0 per cent in fomard operational 
areas in connection with the Burma campaign, and 30-0 per cent from 
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nrous hnvmg 1)0 obvious rouiicclion will) Burnia. There has, however. 
))ceu no indicaf.ion of any explosive oufbrcnlir, the (lisca.se appeariBn 
rather, to have been emlcniic in lyjie. J^ur exjiinirlo, the coasidcralie 
number of strains from Calcutta were received in ones and twos and 
threes over a period of more than twelve montlis. 


McDonald (1944) has described three cases of Bact. enleritidis septicremia, one of 
which was fatal, occurring in Indian troops. This is the first published account of 
this condition in India. However, in 1943, a report was received hy vs of the 
occurrence of an oiitbrenlc of invasive B(ic/. evtcrilidis infection which reacJhed epidemic 
proportions among Australian troops operating in New Guinea and North Australia. 
•Clinical notes of fourteen patients treated at an .Australian general hospital between 
January and March 1943 were also received (Afajor A, V. Jackson, a.a.m.c.— Kepoit 
to the Director of Australian Army Aled. Services). From tliese sources and horn 
information accompanying our own strains a general idea of the clinical picture in 
such cases may be derived. Cases appear to fall into three main types. In the first 
there is spiky fever of intermittent tyjie. sometimes accompanied hy a few mild 
bouts of diarrhoea, which persists for from one to two weeks and then settles down. 
Splenic enlargement is uncommon (if chronic or intercurrent malarial infection is 
present, as is not uncommon, no conclusions on this ])oint can bo drawn), the leucocyte 
count may be normal, there is no rash and the pulse rate is usually proportional to 
the increase in temperature. Tlic organism can usually he isolated by blood culture 
and, occasionally, from the stools. Tlie aj)pearances ’arc those of an uncomplicated 
septicfemia. The second variety of case is characterized by long continued pyrexia of 
septicaomic type wLich may jicrsisf. for uj) to eight weeks.' Enlargement of the spleen 
may be present but tlicre is no rash. Lcnco])cnia and relative bradycardia may or 
may'- not be present. After a variable period of uncomplicated fev'cr, localization with 
pus-production sets in. Abscess-formation in tlie subcutaneous tissues, periostitis, 
empyema, meningitis or cystitis may be found. Jackson’s series is remarkable for the 
number of cases developing infection of the urino-genital system. McDonald mentions 
the occurrence of a certain amount of abdominal pain and cliest symptoms, though, 
in the one fatal case in his series of three, no obvious intestinal involvenipt uas 
apparent at jiost mortem ajiart from jiromincnce of the lymph follicles. The third tj^ic 
of case displays the full clinical picture of enteric fever with continuous pyrexia. 
splenomegaly, rose spots, leucopenia and relative bradycardia. There is a tenclen^^ 
here, too, to localization with pus-production — not a common feature of Bact. jyfhof^' 
infection. The Indian cases appear to be more of the pure septicfemic vaneif t a 
of enteric type though it is not improbable that some of tliese latter have pe 
wrongly diagnosed as Bact. infections, especially as the Widal reaction ro*} 

show a rising titre against Bad. typhosnm (0) antigen. The two cases in ^ 
series om whom successive Widal reactions were performed sliowed a using ^ 

ty]}Jiosum titre hut only in one did the titre rise above 320. In neither case wa > 
sianificant Bad. enlerilidis (H) titre present. The niaioritv of Jackson’s 


:!)«) 

an 


present. The majority of Jackson s ^ pp 

J^ct. enteritidis titres of 2.50 or over but lie does not state whether (B) or ( 1 
agglutination was employed, (H) type agglutination might he expected to he 
in the diagnosis of Bad. oiteritidis infection since, in this case, an of 

titre should not be conditioned liy -T. A. B. prophylaxis. The only g^jjtuie 

(h’agnosiSj however, lies in isolation, of the causative organism either by Woo 
or from urine, pus or fseces. Blood culture appears to be by far the ggpti- 

method and it is important to realize in this connection that, certainly yn _ P 
CEemic type of case, it may' )ie successful throughout' the course of the 
must-.be' made clear that the clinical types described have in tlie 

clear- cut for purposes of description and that there may he considerable ove y 

clinical picture of- any ohe case. - . - • • ‘ not 

, The mode of spread of this variety of Bad. enteritidis- jjjfectjon ^ 

McDonald suggests, by analogy from the eommon setiology of precedin.^ 

Denmark- ' and South Africa and the fact that the only ^ + spread 

infection- in his three cases was a journey on the Indian: railways, tu i 
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be by infected milk. This does not. seem likely, however, in the majority of cases 
in view of the newness of the clinical type of the disease and its _ widespread 
occurrence. The incidence of human Salmonella di.sease of which an animal is the 
reservoir is usually determined hy the animal distrihution of the type concerned 
and the food, habits of the people. As an example of this, Kauffmann (quoted by 
Bornstein, loc. cit.) has attributed the high incidence of Bact. evleritidis infection in 
Western Germany to the consumption of duck.«’ eggs imported from Holland where 
the infection rate of this organism in ducks is high. Again, human infection from 
Bact. enteritidis var. dnblin in South Africa is associated with the enzooticity of this 
type in calves and cattle. In Europe, outside Denmark, Bact. enteritidis and Bact. 
typliinivrimn replace the dnhlin variant in calves, and dublin infection in man !.■= corres- 
pondingly rare. It is unlikely that gccHner infection of cattle could have become so 
widespread in India in so short a time or that the food habits of military personnel 
have undergone any radical change. There is no doubt, however, that the richest 
reservoir of Salmonella disease in general and of Bact. enteritidis infection in particular 
is the animal carrier. In Europe and Korth and South America, rodents, fowl, swine 
and cattle have been found to harbour the organism. In India, natural epizootics 
among laboratory animals is not uncommon. It is, therefore, possible that the 
consumjhion of infected food is tlie primary- setiological factor. It is most improbable 
that this factor is the eating of infected meat in view of the high incidence of the 
disease in Hindus. A survey of the incidence and type of Salmonella infection in the 
common animals of India is long overdue. The change in the pathogenic role of Bact. 
enteritidis remains unexplained. An alternative theorj’ is that some of the diarrhoeas 
of unknown aetiology which are so prevalent in this country have been, in fact, mild, 
localized gceiiner infections resulting from contamination of food or water by an animal 
reservoir and that these infections have become apparent only through the adoption 
by the organism of more invasive attributes. There are three ways in which the 
virulence of Bact. enteritidis may have become enhanced : — 

1. By the acquisition by mutation of a ‘virulence’ antigen analogous to the AT 

antigen of Bact. typhosum ; 

2. By a biological variation of unknown origin associated with an increased 

tendency towards invasiveness, such as is exemplified by the cyclic 
variation, with a periodicity of about .10 years, in the severity of scarlet fever 
and the incidence of severe septic complications in that condition, or 

3. By the development of a high degree of host-adaptation following the replacement 

of the animal reservoir by the human carrier as the normal source of 
infection. 

It is indeed strange that two organisms so closely resembling one another as Bact. 
typliosum and Bad. enteritidis in the structure of their somatic antigen should typically 
give rise to such different types of disease, for pure ‘ AA’ ’ forms of the former 
bacterium have undoubtedly been responsible for cases of true enteric fever. In fact, 
it is easier to understand the prevalent invasiveness of Bact. enteritidis than it is to 
explain its usual role in causing only a gastro-enteritis. The fundamental difiefence 
between the two conditions lies, of course, in the mode of spread and, in'the present 
state of our knowledge, the development by Bact. enteritidis of host-adaptation to man 
by human passage appears to supply at least a plausible explanation. On the other 
hand, careful antigenic analysis of strains isolated from simple gastro-enteritis and from 
septicjemic and ‘ enteric ’ cases may throw further light op the problem. 

In view of the findings presented in this paper, the advisability of including in 
the vaccine m common use for the prophylaxis of the enteric group of fevers in India 
the elements^ necessary to cover Bact. paratyphosutn C and Bact. enteritidis is worthy 
of consideration. 

Bornstein (loc. ch.) has postulated that the old terms relating to Salmonella in- 
fection in man should be given up in the light of modern knowledge of the diversity 
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of ways in wliieli alniosl, any Salnionalla may manifosl, ilsolf, and .should ])e renhrn,! 
by a new and more comprehensive nomenclature. He suggests the following tcrminolo»y'-~ 

]. SolmoncUa fever. — This condition is synonymous with ‘enteric fever’ of all 
degrees of severity nr mildncps hut tlie term recognizes the fact that 
Salmonella other than Bact. lyphosnw and Bad. paratyphosim A and B 
may he cau.sativc of the condition. 

2. Salmonella scjdica^mia . — Tliis is a condition similar in its clinical manifesta- 

tions to septiemmia due to pyogenic cocci but caused by organisms of 
the Salmonella groujn It embraces uncomplicated cases as well as those 
in -whom localization with pus-production occurs and the descriptions of 
gcerlner septicaemia given above may be regarded as characteristic of the 
group. 

3. Salmonella gadro-pntcritis . — Our findings and especially the high incidence of 

both common and uncommon Salmonellas derived from blood culture or 
other source indicative of invasion afford strong support for Bornstein’s 
suggestion. , 

The niost important recent advance.s in onr knowledge of the Salmonella group are 
the realization of two facts. The first is that, with the possible exception of Bad. 
iypJiosum, almost any memljer is capable of giving rise to any of the above clinical 
types of disease in man although certain have a imedilection for one rather than the 
other types. The second is .that, again with tlic exception of Bact. iyphosinn, and, 
probablj', Bact. paratyphosum C. any member of tlic group may be found in and he 
spread by animals and tliat liost-adaptation may profoundly affect the course of 
human disease. 


SUMMAUY. 

1. A survey of Salmonella types responsible for disease in the Army in India 
from 1941 to the beginning of 1945 has been made. 

2. Attention has been drawn to the marked increase in the number of Bad. 
ptamtyphosnm C and Bad. ententidis infections reported in recent years. 

3. By far the greater proportion of Bact. enteritidis strains have been isolated by 
blood culture or from anatomical sources which imply for the organism an invasive 
role in man. 

4. Possible reasons for tlie apparent increase in Bad, paratyphoswn C and Bact. 

enteritidis infection are discussed. '■ ' 

5. The clinical types of invasive Bad. enteritidis disease are described. " 

6. An account is given of interesting or instructive findings in connection 3 ^th 

the bacteriology of the -Salmonella group. ^ 
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to Subedar Chuni Lai, i.M.D., and Sgt. C. A. Sait, r.a.m.c., who were „„jjv 

routine verification of a considerable number of the Salmonella strains ; to tiie 
Officers-in-Cbarge of Military Laboratories in India who supplied these strains ; a 
Colonel Phease, Officer Commanding the Central Military Pathological Laboratory, * 
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In an earlier paper (Patwardhan, Chitre and Sukhatankar, 1944) experinteutal evidence 
Fas been presented to show that tbe serum of infants and children suffering from incipient 
or active rickets was undersaturated, according to current concepts (Logan, 1940) with 
respect to the salts CaHP 04 and Cas {P 04 ) 2 . The serum of children not suffering from 
rickets indicated, on the other hand, a state of saturation vlth respect to both these salts. 
Similar results have been obtained from the study of induced rickets in puppies, a short 
note on which has already been published (Patwardhan and Sukhatankar, 1943). The full 
details of the experiments are reported in the present paper. 

Experimental. 

Young puppies of mongrel breed from one or two litters were used for the experiments 
which were repeated three times in all with fresh batches of puppies. The animals were 
put on experimental diets when they were about five to six weeks old, the litter mates 
being distributed equally between the control and the rachitic groups. The composition 
of the diets is given in Table I ; — 

Table I. 

Composition of the diets. 



Article. 

Diet I. 

Diet n. 

1. 

Rice 

... 220-0 g. 

220-0 g. 

2. 

White bread 

... .57-6 g. 

57-0 g. 

3. 

Shimmed milk, dried 

7-5 g. 

... 

4. 

„ „ . liquid 

1.53-0 c.c. 

... 

5. 

EgC-white, dry 

... 

8-0 g. 

.6. 

Sodium chloride ... 

1-0 g. 

... 

7. 

P-free salt mixture 

... 

5*0 g. 

S. 

Mnrmite 

1-0 g. 

... 

9. 

Teast ... 

... 

5-0 g. 

10. 

Red-palm oil 

I’O g. 

1-0 g. 

11. 

Ascorbic acid 

... 10-0 mg. 

10-0 mg. 
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The phospliorns-free salt mixture used in diet II was prepared according to Reernan 
and Mcl.ean (1941). The various articles of diet (1 to 9) were mixed, cooked vitt ^atci 
and fed ad lib. Water was also given ad lib. Eed-palra oil, vitamin D in oil (b 
controls only) and ascorbic acid in solution vrerc fed directly once a week in well 
doses. 

Tlie experiments were begun in the month of June just prior to the onset of fk 
monsoon, and tliey lasted from 10 to -91 Aveeks. During the first 16 weeks, i*!; 
constitutes the rainy season in Bombay, sunlight Avas at the minimum and durkg fte 
cloudy periods, Avhich Avere quite frequent, the dogs could he left in the open air for 
exercise. 

Blood AA'as talien from each dog once a fortnight. The method of blood collecfion 
depended upon the anah'tical jnoccdure to be adopted, e.g. for determinations of pH it 
wms collected under paraffin and dcliA'ered into tubes under a layer of paraffin, For 
other analyses the blood AA-as alloAved to clot, tlie serum removed by centrifuging and 
the folIoA\dng determinations carried out on the serum : (1) total calcium, (2) inorganic 
and total acid-soluble phosphorus (methods arc described in the earlier papers in this 
series), and (3) total protein by Kjeldahl’s method. In addition to these, magnesimi. 
albumin, globulin, non-protein nitrogen, chlorides and total base in the serum were also 
estimated by suitable methods. The results of these latter shoAS'cd absence of correlatioB 
betAveen the state of Autamin D deficiency and their concentration in the serum. Hence 
the results are not included in this paper. Tlic pH of tlie plasma Avas determined hj 
the method of Hastings and Sendroy (1924) on the blood draAcn for the purpose as 
already stated. 

Once a fortnight the distal ends of the radius and ulna were subjected to radiol- 
ogical examination. Nearly a month after definite radiological evidence of rickets was 
obtained the administration of vitamin D A\'as begun. In the first and second e-Aperi- 
ments the dogs receh’ed diet I. The animals in the third experiment were started m 
diet I, and later, in the 9th \Aeek of the experiment, the dogs were put on diet 
which resembled in some respects the one ghmn by Freeman and McLean {If - 
their experimental dogs. On this diet the rickets A\'as more severe, than on diet 1. j 
the AA'hole diet I was a good diet being deficient only in vitamin D. The deA^elopme 
of rickets in pups fed this diet could be considered analogous to the rachitic 
infants and children under clinical conditions. This, however, cannot be said to e 
case in pups fed diet II. Graphs 1 and 2 show the typical results in the con o ^ 
rachitic dogs of the 2nd and 3rd batch. The observations on the 1st batch were ‘ 
to those on the 2nd batch. Tliey liaAm, therefore, been excluded merely to 
The 3rd batch of dogs is included because the ncAV rachitogenic diet (diet 1 ) 
out certain trends in the total calcium and inorganic phosphorus of the serum 
were dissimilar to those observed in the earlier experiments. 


Discussion. 

Experimenls with the second hatch of puppies. 

In Graph 1 are plotted the data for calcium, inorganic and total fk 

phorus and the total protein of the serum of the dogs of the 2nd ggpaxafdj 

lieginning to the termination of the experiments. The, results are disc 
under each heading. _ _ deficiert 

Calcium . — The calcium content of serum of the tAvo dogs on jo^er 9'^® 

diet progressively decreased as the experiment proceeded, the values i fe 5 

t^at of the controls by about 1-5 mg. per 100 c.c. THl the Xost consiaBt 

administration to dog 14 Aras started the value for calcmm 100 c.c- f 

bptween 8-75 mg. and 9-00 mg. per 100 c.c. serum as against If ^ (4,000 by’ 

the control aninmls during the same period. On administration of i yg that of 

per dav) the calcium content of the serum of dog 14 rose gradually, ^ ^ .a. 

12 Xch did not receive vitamin D, was also rising in the meanAvhile bur 

alAvays lower than that of dog 14. 
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Geai'h 1, — Experiments on dogs 7 { * ), 11 ( o ), 12 ( A ) and 14 ( + ) 
'(' Vitamin D started. 

Upper four graphs : Controls 7 and 11 , 

Vitamin D deficient 12 and 14 to the day of vitamin D administration o— 
afterwards dog 12 A — Ai dog 14 -> 1- 
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Told p'otehu—Thti total protein of botli the groups of dogs ran close to cad 
other. The etTeet of vitamin D on, the protein content of the serum of do" U 
pstrtiiculiirly i^ooicCtiDic. 

Semm inorganic pJtosj^honis. — The scrum inorganic ])hosphorus of the vitaininl) 
deficient dogs was a jittle lower than that of the controls but rose slightly iiidoRlt 
after vitamin D administration and was on an average about 0'5 mg. higher thaath 
serum inorganic phosphorus of dog 12. 

Serum acid-solvhh phonphorus. — The behaviour of the total aeid-soliihle phospkus 
was irregular. In vitamin D deficient dogs the values were lower right fioffl fk 
beginning, but it is difficult to say, hou'cver, v.'liethcr the approximation in the raise' 
for rachitic and control animals from tlie time of vitamin D administration was dueto 
the supplement of vitamin D or otherwise. The evidence is not conclusive. 

The ionic jmducts.— The fact that serum calcium in vitamin D de&ieat dogs 
decreased while the protein content was slowly but steadily increasing had an adveiee 

influence on the [Ca*^*^ j of their serum, rvhile that of the serum of control animals was not 

similarly afi’ected because in the beginning the total calcium and total protein both showed 
a slight increase. From dflrd day' onwards the calcium remained more or less constant, while 
the rate of protein increase was considerably slowed down. Attempts were made to deter- 
mine biologically the |^Ca’^''’j in dog .scrum but owing to the presence of a pressor suh- 

stance in it, as previously rc])ortcd by hIcLcau and Hastings (1935), the method was 
unsuccessful ; the value was therefore estimated by reference to the nonio^am worW 
out by these authors by the apprlicatioii of the Mass Law equation to protein and total 

calcium of blood serum. The values of HPO.i j and pOr ] pH 7 ‘4 were calculated 

from the total PO.ji using the formuUe of Sendroy and Hastings (192G). In 
given the values for pK s.p. CallPOi and pK s.p. Can (P04)2. The significance oi tne. 
findings is discussed further on. 

Experimenls u'ilh the third batch of puppies. 

Four puppies from one litter were divided into two groups: Dogs 15 and 1*^ 
as controls; dogs 17 and IS received the vitamin D deficient diet. 
started oir diet I, the control animals receiving a supplement of 500 
per dog per day in weekly doses. On the Gist day of the experiment the , g, 
put on diet III. Eadiologically mild rickets could he made out in all the uog 
group even at the beginning of the experiment. This might probably have ee 
the poor dietetic history of the mother dog, and the subsequent poor 
puppies before they were obtained for the experiment. The change ^ oyer 
which was severely rachitogenic did not materially alter in the oegmumg 
ogical pictime of the control dogs. On the other hand v'ith 
experiment it improved resulting in the elimination of the slight epipnysea ^ 
had previously existed in the control animals. Rickets in dog 17 f 4 OOO I- 

18 it was florid. On the 119th day of tlie experiuient the administratwn > . 

of vitamin D prer day per dog to dogs 17 and 18 was commenced. 1 a 
of the- distal end of radius and ulna showed recovery after SO days. 

Calcium. — As all the four animals were pmobably slightly 2). I* 

the difference in the serum calcium of the two groups is not marked ( 
comes so, however, after the change over to diet_ IT. Rjse m ser 
observed in both the groups but it is niucli greater in the contro n i)ee! 

group. This rise is later followed by a fall in the control group, a a siuiib' 

observed earlier by Freeman and hfcLeau (loc. ciU) in their pups oy u p 0 

diet. It is difficult to decide whether the administration _ of calciu^^ ® 

18 had any influence on the changes in the concentration 01 ser 
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Controls 15 and 10 . .Vitamin D deficient 17 and 18' o- 




particular experiment. i\t llie time of recovery Hie values in both groups i^eie 
approximately the same. ^ 

Total 'protein. —Tha lieliavioiir of total protein of serum was very similar to the one 
abeady described in the previous expcrinieut. The change over to diet II did not seem 
to influence the total protein of the scrum. 

pH.—Tha plasma pH of both groups ran closely parallel and was unaffected by the 
severity of riclrcts,_ the change over from one diet to the other, or even by the admin- 
istration of vitamin D to rachitic dogs. 

Inorganic pliosj)lwrm.--Tlhc serum inorganic phosplionis was ven^ much at the same 
level in both groups till after the change over to diet II. After that it increased in the 
control group but remained unaflected in the rachitic dogs. Even after vitamin D ms 
administered to dogs 17 and 18 the serum inorganic P did not show a rise for nearly 
30 days ,* after that it rose to a higher level than that of the control dogs. 


The ionic j^^odnets. — The negative logarithm of the ionic products for CaHP 04 and 
Gas (P 04)2 probably indicates a state of unsaturation in the serum of puppies in the 
beginning. These products did not differ very much among the four animals till the 
day of the alteration in the diet. After that tJic values for the control dogs were near 
the points indicating saturation, wliile tliose for the rachitic dogs indicated under- 
saturation. On administration of vitamin D these latter moved close to the controls 
and at the end of the experiment in both the groups the serum appeared to be satpated 
with regard to CaHPO^. The healing process set in after vitamin D was administered 
and appeared radiologicallj' to be fairly well advanced within 30 days, but the_ movement 
of the ionic product towards the saturation point was slower, a fact which it is mthcr 
difficult to explain. 

The significance of the changes observed in the solubility products of Ca J 

|^HP 04 j and |^Ca*'"'^j^ X with the progress and cure of the vitamin D 

deficiency state is not yet sufficiently clear. For the sake of clarity the relation between 
these two products and calcification will be discussed separately. Wendt and Clarbe 
(1923) first suggested that formation of CaHPO.j was the first step in the deposition of 
bone-salt. Later, Shear and Kramer (1928) observed that the' serum of rachitic infants 
was definitely undersaturated with respect to CaHPO,i and that even the normal serum 
was slightly undersaturated. Freeman and McLean (foe. cit.) in their experiments ■mth 

puppies, found a correlation between pK s.p. j^Ca ■*•+] [hpo,] and the state of 

calcification, although no such relation could be shown to exist with respect to 
Gas (.P 04 ) 2 . Patwardhan, Ghitre and Sukhatankar (foe. cit.) have found well-deiine 

differences in pK s.p. fGa'^'*’] rHP 04 1 between the serum of rachitic and do® 

rachitic infants and children. The experiments described in the present paper also 

that vitamin D influences the solubility product of [HPO 4 j. Iii Htamin 

deficiency the serum appeared to be undersatnrated with respect to CaHF 04 , ® 
which was altered by administration of vitamin D. Even before vitamin y a® 
had progressed so far as to render the diagnosis of rickets radiologically positive 
was undersatnrated and during the course of healing the solubility products mov 
towards the point of saturation. ^ ^ ^ 

The correlation between the state of vitamin D deficiency and the solubility p® 


of HPO 4 j thus appears to support the view that precipitation of 

is probably the first step in the formation of bone-salt as explained by Logan 
That the salt thus formed immediately undergoes modification by exchange 0 ^ 

OH, PO 4 , etc., causing a change in the mineral composition _ of bone ^ 'i^jon of 
which receives indirect support from the observations on the inconstant c p 
bone (Kramer and Shear, 1928 : Patwardhan and Ghitre, 1938). 
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From the experiments reported here it appears that pK s.p. xaloes of CaHFOi could 
be used as a test indicating a state of vitamin D deficiency in general rather than any 
particular stage of the raehitic process, a finding which is in agreement with the obser- 
vation made in the study of clinical richets when no correlation could be shown between 
the solubility product and the degree of rickets (Patwardhan, 1943). 

Certain observations based on physico-chemical considerations and reported from other 
laboratories during the last two or three years seem to challenge the significance of such 
results. Ludewig, Chanutin and basket (1942) question the reliability of McLean and 
Hastings’ {1935a) procedure of applying Mass Law equation to serum for determination 

of serum The accuracy of the claim made by Logan and Taylor (1937) ‘ that 

the ion product [Ca’^'^]^ X j^PO^ increases as the amount of bone or tricalcium 

phosphate, equilibrated with solution of their ions, decreases below 150 mg. per litre ’ has 
also been challenged by Greenwald (1942). He believes that their data are more in accord 
with the view that mixtures containing smaller amounts of precipitate were super- 
saturated and suggests that an apparently true equilibrium constant pK s.p.= approxi- 
mately 27 at 38°C. is attained with large amounts of precipitate because with the large 
surface offered, equilibrium at the surface is more readily attained. In a later communi- 
cation Greenwald (1942a) proposes to regard Gas {P 04)2 as the calcium salt of the acid 
CaHPOi which renders more reasonable the rapi^ty of precipitation and the slowness 
with which equilibrium is attained and the increasing content of Ca, OH or CO 3 
in the precipitate as the pH is increased and suggests the use of the solubility product 

j^Ca'^'^j j^CaPO^ Eisenberger et al. (1940) point out that the solubility product 

of bone-salt cannot be expressed merely by X j^PO^ as the concept is 

meaningless without reference to a known solid phase of comparatively simple ionic 
composition. Thus, there are two uncertainties — (1) the composition of the bone-salt in 

equilibrium with electrolytes of the serum, and (2) the ionic product of X 

j^PO^ I® at which equilibrium is presumably attained. If the claim of Greenwald is 
conceded one has to accept that serum of normal as well as rachitic infants is supersatu- 
rated with respect to Gas {P 04)2 and the changes in pK s.p. X ^P 04 j® such 

as have been observed in cbnical and experimental rickets have no meaning. McLean 
(1943) points out, however, that the local calcification mechanism in rachitic cartilage is 
active in solutions varying over a range of pH 5 ’7 to 8 ’7. At pH 7*0 and higher the 


critical point for calcification is correlated closely with the solubility . product 

|^HP 04 j. On the acid side of pH 7'0 the correlation is with |^Ca^’^j® X j^PO^ ® of 

Logan and Taylor (loc. cit.). The curves of two products cross at pH 7‘0 and the 
generalization may be made that both products must be exceeded for calcification to 
occur. 


Thus it appears that there is some confusion in the opinions concerning the 
correlation between the ionic products of calcium phosphates and process of calcification 
ydth the result that no one hypotheses would quite fit the faets. One further dijfficulty 
in the way of accepting this hypothesis as it stands is that the serum of normal healthy 
adults is always undersatmated with regard to GaHP 04 although the position regarding 
Gas (P 04)2 is now uncertain. Further work is obviously necessary and the correct inter- 
pretation of observed facts will have to await the elucidation of these points. 


SuMSLiEY. 


Vitamin D deficiency 
deficient only in respect of 


has been induced in dogs on two types of diets, one a diet 
mtamm D and the second a diet deficient not only in ^utamin D 
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but in wliicli the ])hosi)horus content was vc;ry low. The scrum calcium, serum inomaiiic 
and acid-soluble phosphorus, serum protein, and plasma jd! (in the 3rd batcli of esrai- 
ments) were determined at fortnightly intervals throughout an experimental period lastino 
16 to 31 weeks. The findings on these two diets are summarized separately. 

(1) On ddcl 1 . — Serum calcium decreased as vitamin D deficiency increased ; serum 
inorganic phosphorus as compared with the controls was only slightly reduced. On 
administration of vitamin D, the scrum calcium rose earlier than the inorganic phosphorus. 
No significant change in the total acid-soluble phosphorus of the serum was ohser\'ecl 
The protein content of serum slowly increased with age in both the control and the rachitic 
groups', vitamin D administration had no influence on the total scrum protein of the rachitic 
dogs. The values for pK s.p. for CaHPOj and Caa (PO,})" increased as the deficiency 
of vitamin D progressed, and decreased after the administration of vitamin D. 

(2) On low 'j)hosphorns did . — The young puppies used for this experiment showed 
a mild degree of rickets even at the Jjcginning of the experiment. They were started on 
the same diet as in (1) but were later changed over to a low phosphorus diet. After 
this change hyper-calcoemia set in in both the control and the rachitic groups. It set in 
earlier, however, in the control dogs, declining somewhat later on. The serum inorganic 
phosphorus was lower in the rachitic groxjp and rose slowly after administration oi 
vitamin D. The concentration of scrum protein was unaffected by («) the change in diet, 
(6) the onset of severe rickets, or (c) the administration of vitamin D. The plasma pH 
in both groujrs also remained unchanged throughout the experiment. At the beginning 
of the experiment the values for pK s.p. CaHPOj indicated undersaturatiou in all tlie 
four dogs. In control dogs receiving 500 I. U. vitamin D per day per dog they 
approached the saturation point whereas those of rachitic dogs mov^ed slowly towards 
saturation even after the administration of d,000 I, U. vitamin D per' day per dog. 

The observation made in clinical rickets that the ionic products of calcium phosphates 
are influenced fry state of vitamin D nutrition has been confirmed. 
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STUDIES’ ON THE DESTRUCTION OF VITAMIN A IN 
SHARK-LIVER OIL. 
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EFFECT OF SOME AETI-OXIDANTS ON THE STABILIZATION OF 

VITAMIN A. 

BY 
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AND ’ 

B. N. BANERJEE. 

{An Inquiry under the Indian Research Fund Association.) 

{From the Department of Biochemistry, Indian Institute of Science, Bangalore.) 

^Received for publication, June 20, 1945.1 

Shaek-liver oil is a ricb source of vitamin A in India. The average vitamin A 
potency of Indian shark-liver oils is much higher than that of cod-liver oils. Most of 
the oils manufactured at present in India, however, have been reported to lose their 
vitamin A rapidly on storage (Dattatreya Bao,_ 1914). Hence, a study of the methods 
of preservation of vitamin A in shark-liver oil is of considerable importance to this 
growing industry. 

The development of rancidity and the destruction of vitamin A in fats and oils 
have been reported to proceed simultaneously (Fridericia, 1924 ; Powick, 1925 ; 
Rosenheim and Webster, 1926 ; Wokes and Willimott, 1927 ; Whipple, 1934 ; Smith, 1939). 
The chief cause of rancidity and destruction of vitamin A in fats and oils is oxidation 
(Brocklesby, 1941). 

The keeping quality of oils is greatly influenced by their content of natural anti- 
oxidants which are oxidized in preference to the glycerides (Mattill, 1931). Since Moureu 
and Dufraisse (1922) reported that hydroquinone can increase the stability of oils, a 
large number of chemicals having similar anti-oxidative properties have been found. In 
this paper, the comparative inhibiting property of a number of such compounds Las been 
studied with reference to shark-liver oil. 

The chemical anti-oxidants can be broadly classified under the following heads ; — ' 

(1) Acid-type. — ^Inorganic and organic acids like sulphuric, ortho-phosphoric, citric, 
oxalic, etc., and their salts have anti-oxidative effects on fats and oils (Olcott and 
Mattill, 1936). Acid-type inhibitors, however, have been reported to lose their efficiency 
as the unsaturation of the fats increases (Brocklesby, he. cit.). 

(2) Phenolic. — A number of phenolic compounds have proved to be effective in- 
hibitors, particularly hydroquinone (Olcott, 1934), pyrogallol (Wagner and Brier. 1931). 
pj’rocatechol (Olcott, he. cit.), a- and ^-naphthol (Mattill, he. cit.), resorcinol (Wagner 
and Brier, he. cit.), guaiacol (Coe and LeclerCj 1935), 1 ; 5 dihydroxy-naphthalene (Lea 
1944), pure tocophcrols and their extracts (Golumbic, 1943 ; Hilditch, 1944). Gallic acid 
and its esters have been shown to afford marked protection to both animal and vegetable 
oils (Golumbic and Mattill, 1942). Boehm and Williams' (1943) reported the inhibiting 
action of propyl gallate on lard and cod-liver oil mixture. Hilditch {he. cit.) has 
recommended the use of gallates. specially ethyl gallate. as anti-oxidants in various 
foodstuffs. Lea (1944) has shown that even tVOl per cent of ethyl gallate is very 
offcctiYc m delaying the onset of tallowiness in lard. Nair and Ramakrishnan (19441 
studied the effect of hydroquinone. gallic acid, etc., on shark-liver oil. 
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(3) Nitrogenous . — Various organic nitrogen conipouncls including amines AVaoner 
and Brier, loc. cit.) and amino-acids like glycine, glutamic and aspartic acids (L 
1936) also possess inhibiting properties. ' ’ 

Apart from the chemical anti-oxidants, natural inhibitors, occurring in cereal floras 
and their extracts (Bradway and ]\rattill, 1934 ; Brcnch, Olcott and Mattill, 1935 ; Peters 
and Musher, 1937) and tlic crushed oil-bearing seeds (Mushcr, 1935), can be concekiated 
and added to the oil to increase the stability. Among the cereal flours, oat flour has 
been very effective on halibut-liver and .salmon oils (Lowen el al., 1937). In tliis 
iaboratory,_ it was shown that Kamala dye inhibits the oxidative deterioration of gke 
(Govindarajan and Banerjee, 1939). 

In spite of the large number of anti-oxidants reported in the literature, relatively 
few_ meet all the requirements for use in foodstulTs. In addition to inhibiting action, an 
anti-oxidant must possess the following properties to be safely used in foodstuffs : {l)It 
must be noir-toxic and pharmaeologieally safe. (2) It should be sufficiently soluble or 
dispersible in the oil to which it is added. (3) It should not affect the normal taste, 
colour and flavour of the oil. (4) It should be nearly neutral in reaction. (5) Lastly, 
it should be cheap. The toxicity of many jrowerful chemical anti-oxidants prevents their 
use in edible products and limits the mimbcr of possible materials that may be used. 


Experimental. 

Since oxidation is the main cause of development of rancidity in oils, a suitable 
method for determining the relative stabilities of different oils, or of the same oil treated 
in various ways, is to follow the absorption of oxygen under identical conditions. 
Oxj^gen-absorption tests, however, are time-consuming unless a certain amount of 
acceleration to promote oxidative changes is allowed. So, to test the effectiveness of 
the anti-oxidants within a reasonable length of time, the method of determming the 
length of ‘ induction period ' from oxygen absorption as described by Greenbank and 
Holm (1925) and modified by Govindarajan and Banerjee (1940) has been followed. The 
method depends principally on the measurement of oxygen absorbed by a thin layer of 
oil, maintained at a high temperature and exposed to oxygen in a closed conical flask, 
by means of jjressure changes recorded on a mercury manometer attached to the flask. 
The suitable high temperature for routine experiments was determined by measuring the 
induction periods at three different temperatures, viz. 55°C., 65°C. and 75°C., and it was 
observed that at 75°C. the induction period of the control oil was reduced to a shor 
measurable period. 

A sample of oil of acid value 0‘52 was used in all the experiments. Most of the 
acid-type and some of the phenolic inhibitors and a few of the amino-acids were tne . 
Requisite amount of anti-oxidant was weighed and incorporated with the oil by tritura 
tion in a mortar, as most of the anti-oxidants used did not dissolve in the oil complete y. 
Boehm and Williams {loc. cit.) have shown that the trituration of an anti-oxidant m 
mortar effectively introduces it in the oil. 


Table I. 

Protection afforded by single anti-oxidants at 15°C. 


Anti-oxidants added and concentration 
' (per cent). 

Induction 
period in 
hours. 

Protection 

factor. 

Control 

1 

v 

Tartaric acid (OT) ... 

1 

0 

Citric acid (O’l) 

1-5 

0-5 
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Table I — cojicld. 


Anti-oxidants added and concentration 
(per cent). 


Induction 
period in 
hours. 

Protection 

factor. 

Malonic acid (0‘1) ... 

... 

... 

1’5 

0’5 

Maleic acid (0"1) 



1 

0 

Succinic acid (O'l) ... 

... 


1 

0 

Oxalic acid (O’l) 

... 

-... 

1-5 

0’5 

Ortho-phosphoric acid (O’l) 

... 

... 

3 

2 

Glycine (O’l) 


... 

1 

0 

Glutamic acid (O’l) 



1 

0 

Tannic acid (O’l) ... 



1 

0 

/ 

a-naphthol (O’l) 

... 


1 

0 

P-naphthol (O’l) 

... 


1 

0 

Resorcinol (O’l) 



1 

0 

Pyrocateohol (O’l) ... 



1’5 

0’5 

Phloroglucinol (O’l) 



I’S 

0’5 

Hydroquinone (O’l) 

... 


3 ’5 

2’6 

Kamala dye (O’l) ... 



2 

1 

Gallic acid (O’l) 



4 

3 

Jlethyl gaUate (O’l) 



5 

4 

Ethyl gallate (O’l) 



8 

7 

>» (O'Oo) 


... 

5 

4 

Propyl g.allate (O’l) 

... 

... 

7 

6 

>> .. (0’05) 

... 


4 

3 

Iso-butyl gallate (O’l) 



11 

10 

’< M (O’O.a) 

... 


6 

5 

Iso-amyl „ (O’l) 


... 

7 

6 

-• „ (0’0.j) 

... 

... 

4’.-) 

3’.-5 
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Ihe lengths of the induction periods were determined from the curves drawn with 
tune in hours as abscissie and the dif erence of mercury levels as ordinates. The ‘ protection 
factor was calculated according to the recent method adopted by Hilditch {loJ! oil ) md 


Graph 1, 

Effect of single anl'i-omdants at 75°C. 



Time in hours. 


(1) Control oil. 

(2) Ortho-phosphoric acicl (0'1%). 

(3) Gallic acid (0-1%), 

(4) Methyl ^allate (0‘1%). 

(5) Iso-butyl gallate (0’05%). 

(6) Propyl gallate (0‘1%). 

(7) Hydroquinone (0’1%). 

(8) Iso-amyl gallate (0'1%). 

(9) Ethyl gallate (0’1%). 

(10) Iso- butyl gallate (0'1%). 


Lea (1944) : it is the ratio of the induction period of the oil treated with anti-oxidant 
to that the untreated oil minus one. The results are summarized in Table I and 
some of the important curves are shown in Graph 1. , . 
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Table II. 


Synergetic effect of mixhires of anti-oxidaiiis at 75°C. 


Anti-oxidnnts added and concentration 
(per cent). 


Induction 
period in 
hours. 


Protection 

factor. 


Control 

... 

• 1 

... 

Iso-butyl gallate (0'06) + ortho-phosphoric acid 

(0*05) 

13 

12 

Ethyl gallate (O'Oo) 4- „ „ 

(O-Oo) 

9'5 

8'5 

Iso-amyl gallate (0'05) + „ „ 

40*05) 

7 

6 

Propyl gallate (0-05) + „ „ 

(0-05) 

6 

5 

Iso-butyl gallate (O'Oo) -f citric acid (O'Oo) 

... 

lO'o 

9'5 

Ethyl gallate (O'Oo) 4- „ „ (O'O.l) 

... 

7 

6 

Iso-amyl gallate (O'Oo) -f „ „ (O'Oo) 

... 

5 

4 

Propyl gallate (0'05) 4- „ „ (O'O.o) 

... 

5 

4 

Iso-butyl gallate (O'Oo) 4- tartaric acid (O'Oo) 

... 

10 

9 

Ethyl gallate (O'Oo) 4- „ (0'0.5) 

... 

6'5 

6'5 

Iso-amyl gallate (0'05) 4- „ „ (0'05) 

... 

5 

4 

Propyl gaUate (0'05) 4- „ „ (0-0.5) 

... 

C 

5 

Iso-butyl gallate (0'05) + oxalic acid (0'05) 

... 

9 

8 

Ethyl gallate (0'05) 4- „ „ (0'05) 

... 

7 

6 

Iso-amyl gallate (O'Oo) 4- „ „ (0'05) 

... 

6 

6 

Propyl gallate (0'05) 4- „ „ (O'Oo) 

... 

7-5 

6-5 

Iso-butyl gallate (O'Oo) 4- malonic acid (0'05) 

... 

S'5 

7'6 

Ethyl gallate (0'05) 4- „ „ (0'05) 

... 

7 

0 

Iso-amyl gallate (0'05) 4- „ „ (0'05) 

... 

5 

4 

Propyl gallate (0'05) 4- „ „ (0-05) 

... 

6 

6 

Iso-butyl gallate (0'05) 4- succinic acid (O'Oo) 

... 

8 

7 

Ethyl gallate (0'05) -f „ „ (O'Oo) 


6 

5 

Iso-butyl gallate (0'05) 4- hydroquinone (O'Oo) 

.. 

7 '5 

6 '5 

Ethyl gallate (O'Oo) 4- „ (O'Oo) 

... 

6 

5 

Iso-butyl gallate (O'Oo) + maleic acid (O'Oo) 

... 

4 

3 

Ethyl gallate (0'05) 4- „ „ (0'05) 

\ 

3 

2 

Iso-amyl gallate (0'05) 4- „ „ (0-05) 

... 

3 

2 

Iso-bntyl gallate (0'05) 4- sodium dibydrouen 
phate (0'05) ... ... ^ 

phos- 

7 

6 
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The synergetic effect of certain mixtures of inhibitors is reported by a number of 
workers in the literature, e.g. orcinol and phosphoric acid on lard (Olcott and Mattill, 
loo. cit.), hydroquinone and lecithin on halibut-liver oil (Holmes, Corbet and Hartzler, 
1936), Kamala dye and oleic acid on ghee (Govindarajan and Banerjee, 1939). So it was 
thought desirable to study the effect of some combinations of the best phenolic and acid- 
type inhibitors on shark-liver oil. The results obtained are summarized in Table II and 
some of the important curves are shown in Graph 2 : — 


Graph 2. 

Synergelic effect at 75°C. 



(1) Control oil. 

12) Iso-butyl gallate (0'05%) -f- 

(3) „ „ + 

(4) „ » + 

(5) „ » + 

( 6 ) „ „ + 

(7) „ „ t 

( 8 ) „ „ , + 

(9) .. » + 

( 10 ) „ „ + 


maleic acid (0’05%). 

sodium dihydrogen phosphate (O'Oo/o). 

hydroquinone {0’05%). 

succinic acid (()’05%). 

malonic acid (0'06%). 

oxalic acid (0'05%). 

tartaric acid (0'05%). 

citric acid (0'05%). 

ortho-phosphoric acid (O'05/o). 


To confirm the results obtained by the ‘^^qtirthe^''^mom V 

itamin A destruction, mildly accelerated storage tests tl th I oxidation 

sidants were carried out by exposing thin layers of the oil arm p ^ 
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in flat-bottomed specimen tubes at 40°C. (Dattatreya Eao, 1945). After regular intervals,- 
three tubes of each set were taken out, the oils contained in them were mixed together 
and immediatel}' vitamin A was estimated by the Carr-Price reaction using the Pulfrich 
photometer with filter S. 61 .(Dattatreya Eao, 1944). The induction periods were read 
off from the curves drawn with time in days as abscissae and loss in vitamin A (per cent) 
as ordinates. The results are summarized in Table III and the curves are shown in 
Graphs 3 and 4 : — 


Table III, 

Stabilization of vitamin A by single or combinations of anti-oxidants 

at 40°a 


Anti-oxidants added and concentration 
(per cent). 

» 

Induction 
period in 
days.* 

Protection 

factor. 

Control 

1 


Ortho-phosphoric acid (0-02) ... 

2 

1 

Gallic acid (0-02) 

2-5 

1-5 

Methyl gallate (0-02) 

3-6 

2-5 

Hydroquinone (0'02) 

4 

3 

Ethyl gallate (0-02) 

7 

6 

Propyl gallate (0-02) 

5 

4 

Iso-amyl gallate (0-02) 

5 

4 

Iso-hntyl gallate (0-02) 

0 

8 

>, „ (0'02) -f miileic acid (O'Ol) 

6-5 

1 

5’5 

„ „ (0-02) sodium dihydrogen phos- 
phate (0-01) ... ... ... ^ 

11 

10 

Iso-butyl gallate (0-02) -|- hydroquinone (0-01) 

13 

12 

„ „ (0-02) succinic acid (0-01) 

13 

12 

>. „ (0-02) malonic acid (O-Ol) 

H 

13 


* Here ‘ indnction period ’ refers to the time 
of vitamin A does not begin. 


in days during -R-hich 


the destruction 


J, MR 
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Table III — concld. 


Anti-oxidants added and concentration 
(per cent). 

Induction 
period in 
days.* 

Protection 

factor. 

Iso-hutyl gallate (0-02) -j- oxalic acid (O-Ol) 

1C 

16 

” » (0'02) + tartaric acid (O'Ol) 

17 

16 

» » (0'02) + citric acid (0‘01) 

17 

16 

»> » (0‘02) + ortho-phosphoric acid (O’Dl) 

21 

20 


of vitamin A does not begin. 


Graph 3. 


Effect of single anti-oxidants at 40°G. 



(1) Control oil. 

(2) Ortho-phosphoric acid (0’02%). 

(3) Gallic acid (0’02%). 

(4) Methyl gallate (0'02%). 

(6) Hydroquinone (0'02%). 

(6) Propyl gallate (0'02%). 

(7) Iso-amyl gallate 10'02%). 

(8) Ethyl gallate (0‘02%). 

(9) Iso-butyl gallate (0‘02%). 
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Graph 4. 


Synergetic effect at 40°C. 



(1) Control oil. 

(2) Iso-bntj-l gallate 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

(8) 

(9) 

( 10 ) 


(0-02%) + maleic acid (0’01%). 

-}- sodium dihydrogen phosphate (0'01%). 
4- hydroqninone (0’01%). 

4- Buccinio acid (0‘01%). 

+ malonic acid (0’01%). 

+ oxalic acid {0’01%), 

4- tartaric acid (0'01%). 

-h citric acid (0'01%). 

4- ortho-phosphoric acid (0'01%). 


Discussion and summary. 

■\Vliile carrying out tie storage tests, it was obserred that there was no appreciable 
change of odour and taste during the induction periods of the oil samples ; soon after, 
the oils developed a characteristic taste and sharp odour indicating that the onset of 
rancidity usually coincides with or follows shortly after the end of the induction period, 
and also the destruction of vitamin A generally proceeds as the oil develops rancidity. 

Accelerated oxidation tests can give dear comparative estimates of the stability of 
the oils under actual storage conditions (Orson Bird, 1942). Recently, Lea (1944) has 
shown that the rapid ‘ sorting ’ tests at 100°C. and the storage tests at 37°C. agree well 
on the whole, in placing the various anti-oxidants in order of their efficiencies. In our 
experiments also, there is fairly good agreement between the relative potencies of the 
inhibitors, as observed at the two temperatures 75°C. and 40°C. 
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Most of the acid-type inhibitors and the amino-acids practically fail to protect the 
oil, with the exception of ortho-j)]iosphoric acid. Among the phenolic inhibitors, hydro- 
quinone protects vitamin A for a considerable period. The esters of gallic acid have 
proved more effective, the order of efficiency of the gallates and gallic acid being iso- 
butyl gallate, ethyl gallate, iso-amyl gallate, propyl gallate, methyl gallate, and gallic 
acid. 

t 

The synergetic effect of the gallates and the acid-type inhibitors is obvious (Table III 
and Graph 4), The maximum inhibiting action is obtained with a mixture of iso-butyl 
gallate and ortho-phosphoric acid ; but the • oil loses its original colour and becomes 
darlcer and a black deposit is formed at the bottom of the specimen tubes. This is a 
drawback in actual practice. By using the salt, sodium dihydrogen phosphate, the difficulty 
of discoloration does not arise, but the inhibiting action is much retarded. 

The combination of iso-butyl gallate and citric or tartaric acid is next best in merit. 
This combination does not discolour the oil, nor impart any foreign flavour to it. The 
occurrence of citric and tartaric acids in our everyday foodstufi’s is well known and 
hence no objection can be raised to their use in shark-liver oil. The gallates also are 
usually considered non-toxic. The non-toxicity of propyl gallate has been indicated by 
Boehm and Williams (loc. ciL). Gunn, and Macdonald (quoted by Hilditch, he. cit.), 
have reported the non-toxicity of eth 5 d gallate. There is, howcA’-er, no such record of the 
non-toxicity of iso-butyl gallate in the literature ; but for the very low concentration used, 
it is expected that the gallate will not be harmful. As suggested by Boehm and Williams 
{loo. cit.), under actual storage conditions, far lower concentrations of anti-oxidants may 
provide sufficient protection to the oil. 

There is a slight drawback in using the gallates and the organic acids in shark- 
liver oil, viz. they are not perfectly soluble in the oil at room temperature. It has been 
observed, however, that after incorporating the mixtures of iso-butyl gallate (0'02 per 
cent) and citric or tartaric acid (0‘01 per cent) in the oil, if it is kept for about 3 hours 
at 40°C., they completely dissolve in it and do not again settle out. 

The preparation of the gallates is easy and inexpensive. The esterification of the 
homologues can be achieved by dissolving gallic acid in the corresponding hot alcohol, 
saturating the solution with dry hydrochloric acid gas and then refluxing for some time. 

Hence, the combination of-iso-butyl gallate and citric or tartaric acid appears to be the best 
anti-oxidant, so far examined, for shark-liver oil. There is, however, scope for further 
investigation for selecting better preservatives. 
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Introduction. 

The Htamin A content of tlie liver oils of Indian fishes have been reported by a 
number of investigators from different parts of the country (Chakra vorty, Mukerji and Cuba, 
1933 ; Ghosh, Chakravorty and Guha, 1933 ; Datta and Banerji, 1934 ; De, 1936 ; De, 
Majumdar and Sundararajan, 1938 ; and others). No vrork has been reported so far from the 
Punjab. The livers of common fresh-water fishes available in the Punjab have now been 
examined and data on the vitamin A content of their oils is reported in this paper. 

The fishes were obtained from the fish markets in Lahore, and were generally caught 
from the river Ravi and the neighbouring streams. The fish examined weighed from 0’5 kg. 
to 4‘0 kg. yielding a liver tissue 11-0 g. to 15'4 g. per kg. body -weight. When the livers 
were small, the oils were extracted from a number of livers of the same species and nearly 
of the same weight of the fish. The livers were ground with about 10 times their w^eight 
of anhydrous sodium sulphate and the dry powder so obtained was extracted in a Soxhlet 
apparatus for 4 to 5 hours with peroxide-free diethyl ether. The oils obtained were viscous 
brown liquids at winter room temperature of 16°C. to 18°C. 

(а) Colorimetric estimation. — Colorimetric estimations were made according to the 
British Pharmacopoeia (1932) method using a Lovibond tintometer, B. 3). H. pattern. 
Dilutions of the oil taken w'ere such as to give 4 to 6 blue units of the tintometer reading. 

(б) Spectrophotometrie estimation. — A Hilger E.4’302 Quartz Spectrograph was used 
with a photometer arrangement devised by the authors in the laboratory. A hydrogen- 
discharge tube used as the source of light was also made in the laboratory by the 

authors. values of the whole oil were determined using absolute ethyl alcohol as the 

solvent. In view of the high potency of the oils it was not necessary to use the un- 
saponifiable matter of the oils. 

The colorimetric estimations were carried out the same day as the liver oils were 
extracted, but the spectrographic estimations were undertaken 8 months after the tinto- 
metric estimations, when the spectrographic equipment was ready. During this interval 
the oils were stored in small stoppered-bottles at room temperature in winter and in a 
refrigerator during the summer months. 

The results are recorded in the Table. To convert E value into I. U. of vitamin A, 
1,600 has been used as the conversion factor in conformity with the practice of British 
workers. American wmrkers, however, suggest the use of 2,000 as', conversion factor (Coy, 
Sassainan and Black, 1941). 

The data summarized in the Table show that the vitamin A content of the liver oils 
of the fresh-water fishes of the Punjab varies generally from 10,000 I. U. to 26,000 I. U. 
per g. of oil. A value of approximately 10,000 I. U. per g. of the liver oil was, however, 
obtained in case of only one species, namely Rohu {Labeo rohiia). Shingaree fish {Mystiis 
aor) yielded liver oil with a vitamin A content as high as 26,400 I. U. per g. With the 
exception of Rohu {Labeo rohxta) the average vitamin A content of most other species 
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was between 20,000 I. U. and 26,000 1. 17. per g. of the liver oil. This showed that these 
liver oiIs„were among the richest sources of vitamin A. The yields of the oil from the 
livers were generally between 2-5 and 4-1 per cent though in some cases higher yields up 
to 8-54 per cent were recorded. These yields are very low as compared with shark-liver 
oil which gives yields in the neighbourhood of 20 per cent. It will be noticed that in 
Eohu where the yield of oil was high, the vitamin A content of the oil was low. 

Somewhat lower values were reported by Ghosh, Chakravorty and Guha {loc. cit.) for 
the livers of fresh-water_ fishes in Bengal. Seshan (1940) obtained a value of 20,000 I. U. 
per g. of the liver oil in case of only one species, whereas the average value for the 18 
samples examined by him was above 18,130 LIT. per g. The liver oils of the common 
fishes of the Punjab are therefore among the richer liver oils found in India. 

The spawning season of the fish examined is from May to September. The samples 
of oils were extracted and examined during the months of January and February. 

No correlation has been found between the size or the age of the fish and the 
vitamin A content of the liver oil obtained from them. 

The ratio between C. P. value and eJ ^ of most of the samples examined was found to 
be between 58 and 80, the mean value being about 65, which is higher than the reported 
value of 50 to 55 for fish-liver oils in general. Although a value as low as 43'5 was 
also obtained, most of the values are yet higher than 50, and in one case as high a 
value as 197 was obtained. The discrepancy can be accounted for by the fact that whole 
oil was used for all these estimations. Better concordance in results may be obtained 
when the non-saponifiable fraction of the oil is used. The oils did not yield a perfectly 
clear solution in absolute alcohol. It is also possible that storage of the oil for eight 
months may have brought about some change in the oil. 

The fishes examined were those commonly consumed in the Punjab. When these are 
caught, their livers and internal viscera are removed on the spot and discarded. The 
large amount of the livers which are thrown away as waste could be utilized for the 
preparation of the medicinal fish-liver oils. This is of practical importance particularly as 
Iyengar and Miikerji (1939) have reported that 90 per cent of the fish-liver oils and 
vitamin A concentrates sold on the Indian market are either very deficient in vitamin A 
or below the B. P. standard for cod-liver oil. 


Summary. 

The liver oils of some common species of fish found in the streams and rivers of 
the Punjab have been examined for their vitamin A content both by the colorimetric and 
spectrographic method of assay. They have been found to' le rich sources of vitamin ii. 
Values as high as 20,000 I. XJ. and 26,000 I. 17. per g. have been recorded. The livers 
which are now allowed to go waste could yield appreciable quantities of medicinal fish- 
liver oils. 
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Sii 4 CE October 1942 experiments \ntli rats have been conducted in the Nutrition 
Department of the "Women’s Christian College (i) to demonstrate for educational purposes 
the inadequacy of diets composed mainly of lice, (ii) to demonstrate and test further 
the effects of supplements to rice diets, {Hi) to compare South Indian cereals, and {ir) to 
explore modifications and improvements of rice diets that do not involve appreciable in- 
crease in cost. The work has benefited from the beginning from the long experience with 
rice diets of the Nutrition Research Laboratories, I.R.F.A., at Coonoor, and from the advice 
and generosity of Dr. W. R. Aykroyd. 

In the course of class experiments planned to demonstrate the nutritive importance 
first of milk and then of some of its separate constituents with rice diets, the well-knovn 
efiects of milk and of calcium lactate in accelerating growth in rats were clearly confirmed. 
The effect of casein, however, was more marked than reported by Aykroyd and Kxishnan 
(19.37) and although the diet was markedly deficient in total fat and contained a negli- 
gible quantity of animal fat, the addition of butter to the poor hiadrasi diet not only 
did not aid groviih but if anything adversely affected both the growth and the general 
condition of the animals. The same results were observed with three vegetable oils 
commonly used in South India, coco-nut oil, gingeUy oil and ground-nut oil, as well as 
with shark-liver oil (unpublished data). 

The following is the report of an experiment planned to test these preliminary 
observations, viz. the effects of these three ingredients of milk ; casein, calcium and 
butter, singly as well as combined. ' "i 


Gexeral technique. 

The rats used are Wistar stock, and are bred in the laboratory and fed on an 
abundant and well-balanced diet. The litters are kept on this diet in the ca«e with the 
mother until 4 weeks' age. After two or three days of separation from the mother 
during which they are still on stock diet, they are used for experiments with rice 


* Grateful acknowledgment is made of grants from tbe Indian Eesearcb Fund Ascociation and from the 
Elizabeth Thompson Science Fund, Boston, U.S.A. ; also of the assistance of Miss Marv Mani, nndereradnate 
in the conduct of the experiment. " ^ ' 

t The author responsible for the etatistical €tndv. 
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diet. Tbe basal rice diet used in the Women’s Christian College is of the following com 
position : — ^ 


‘ The 'poor rice diet ’ 

Per cent. 

Parboiled milled rice ... ... ... ... 89'7 

Dlial (Cajanns indicus) ... ... ... 3*0 

Brinjal (Solanum melongem) ... ... ... 4*3 

Green plantain ... i ... ... ... 21 

Gingelly oil {Sesavnm imlictm) ... ... ... * 0'43' 

Mutton ... ... ... ... ... 0-26 

Coco-nut ... ... ... ... ... 0‘21 


The diet contains 
carbohydrates 74 g. ; 
329*. 


approxiniafely, per JOdg. uncoolced foods, protein 6*5 g., fat 0’9 g., 
calcium 0‘014 g., jihospl^orus 0145 g., iron 2'32 mg. ; total calories 


This diet is in the main similar to the ‘ poor Madrasi ’ or ‘ poor rice ’ diet used in 
Coonoor with the important difference that parboiled rice is used instead of the raw rice 
of the Coonoor diets and that after the foods are weighed out in the proportions stated 
the rice and the dhal are cooJccd. The rice is iwt washed and only as tnveh uater is xised 
in cooking as can be absorbed. . In the process of coolcing rice absorbs approximately 3| 
times its own weight of water. The coolced rice and cooked dhal are thoroughly mixed 
with the chopped raw ingredients and the oil, and all put once through a grinder. 

It has been shown that most food factors present in rice are little affected by the 
degrees of heat iised in cooking and that the considerable losses of minerals and vitamin 
and nicotinic acid during washing and cooking are recoverable in the washing and 
cooking water (Banganathan, Sundararajan and Swaminathan, 1937 ; Aykroyd, Krisbnan, 
Passmore and Sundararajan, 1940 ; Swaminathan, 1941, 1942). In this diet the rice is 
not washed and no cooking water is discarded so it may be considered that losses due 
to cooking are slight if not negligible. 

The diet is given ad lib. but daily consumption of food is measured. 


Plan of bxpebiment. 

In order to test the individual and combined effects of casein, calcium lactate and 
butter on the growth in young rats fed on poor rice diet, an experiment was designed which 
conformed to a factorial experiment for 2x2x2 levels (Fisher et ah, 1941, 1942, 1943). 
By this type of design it is possible to determine tbe effects of several factors on a 
fairly limited number of animals and yet maintain a high degree of precision. 

Twenty-four young rats were distributed in eight cages, three in each cage. The 
three supplements were tried out in eight different ways, that is in all possible combina- 
tions. Table I gives the amount of supplements supplied, corresponding approximately 
to the quantities of protein, calcium and fat in 12 ’5 grammes of milk. One group of 
rats received no supplements, three groups received single supplements, three combinations 
of two and one group received all three supplements. By this arrangement it is possible 
to estimate the effect of a single supplement, e.g. butter, on the basis of 12 rats receiving 
butter and 12 rats not receiving butter, the two groups being treated alike except for the 
butter (Table II). Similarly, the rats can also be divided into two groups according to 
whether they have received casein or no casein, or calcium lactate or no calcium lactate. 
As will be shown later the interactions between the three supplements, either betvreen 
pairs or between all three together, can also be ascertained by comparison between vo 
groups of twelve rats each. 


♦ Calculated from tables in BealtJi Bulhtin No. 23, Govt, of India Press, New Delhi, 1941 

( 220 ) 


Table I. 


UesuUs of ijrowth experiments on rats fed on poor rice diet sn])plemented uitli easein, 

calcium lactate and butter. 


■r , . Eelatiye 

Initial Average irrowth rate 

Cage. Supplements to the basal rice diet. Sex. -weight, weekly gain. Mean. per cent ' 

S- per week. 


Average 
dy 
g- 


1. A'i7 

■ P 41-6 0-39 

P 4P0 1-16 

. M 30-0 0-16 

1-52 

0-57 2-64 

1-30 

1-820 

• 

2. Casein, 0'4 g. 

■ P 35-0 2-71 

M 30-0 3-44 

. M 40-0 2-61 . 

-i 6-31 

1 2-92 7-33 

] 5’62 

6-420 

3. Caleinm lactate, O'l 15 g. ... - 

' P 37-0 1-72 ' 

P 31-5 3-67 

. M 42-0 2-61 , 

1 4-60 ' 

[ 2-67 8-69 

1 5-19 J 

1 6-160 

4. Butter, Q’5 g. 

' P 33-0 -0-17 ' 

M 46-5 -0-22 

. M 30-5 0.17 J 

j 0-38 ' 

L _0-07 -0-24 

1 0-71 J 

I 0-283 

5. Casein, O’fg. and calcium lactate,- 

0-116 g. 

■ P 35-0 4-83 ■ 

M 30-5 6-94 

. M 42-0 - 6-06 , 

9-25 1 

6-94 11-97 

9-39 J 


6. Butter, 0-5 g. and casein, 0-4 g. ... • 

r P 43-6 3-89 • 

! M 32-5 3-17 

L M 34-0 2-07 . 

j 7-25 • 

!• 3-24 7-63 

0-47 , 

1 

^ 7-117 

7. Butter, 0*5 g. and calcium lactate, - 
0*H6g. 

I" P 32-6 1-61 • 

P 32-6 0-83 

. M 42-0 1-50 . 

5-10 -j 

■ 1-31 3-32 1 

3-38 J 

3-933 

S. Butter, 0-5 g., casein, 0-4 g. and- 
calcium lactate, O-llog. 

■ P 31-0 5-53 - 

P 36-0 6-22 

. M 43-6 9-61 

m 
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The rats used in this experiment were from four different stock litters. Not enough 
rats being available to keep a balance of sexes and litters, they were distributed at random 
except to ensure that the total weights of the apimals per cage were approximately uniform 
and that each cage contained at least one animal of each sex. 

The experiment lasted nine weeks. 


Effects of sufplements on general condition of animals. 

On the poor rice diet alone the hair of the animals became loose and dry, and fell 
out or was chewed off by cage mates until neck and back were almost denuded. The 
gait and posture were affected, an effect commonly described by the workers in the 
laboratory as ‘ running on hind toes ’. These are common characteristics of rats fed on this 
diet. The rats receiving casein appeared normal except for somewhat thinned coats. The 
general condition of the rats with butter was worse than that of those receiving no 
supplement at all : they were almost completely denuded of hair on head, neck and back; 
the hind legs became almost erect when standing, and the animals could rest only with 
the legs spread wide apart ; the tails became scaly and ringed and wefe broken off in 
successive stages. Of the rats fed on single supplements the coats of those receiving 
calcium lactate were best. 

On calcium lactate plus butter the coats were markedly thin ; on casein and calcium 
lactate the coats were excellent ; on casein and butter they were thinned in the first two 
weeks hut recovered and were in good condition before the end of the experiment. The 
rats receiving all three supplements had excellent coats. No rats except those on the 
poor rice diet alone and those on butter supplement alone showed deformity of the hind 
legs, and only in the butter cage were the tails affected. 


Method of statistical analysis. 

The statistical significance of the experiment M^as based upon a study of the logar- 
ithmic growth curves in preference to the absolute growth curves, and the propoiiiomte 
weight gains, expressed as the average relative growth rates per week, were submitted-to 
statistical analysis. 

(o) Relative growth rates . — The advantage of analysing relative growth rates instead of the frequently used 
average absolute gains is evident if it is considered that two animals with the same absolute growth rates would 
have grown quite differently if they started from different initial weights. Two rats from a recent experiment 
may be taken as an illustration of this fact, the one weighing 47 g., the other 32 g. at the beginning of the 
experiment. Their weights after nine weeks were 101 "6 g. and 89 g. respectively, giving average weeklj’ gains 
of 6’06 g. and 6’33 g. The difference is apparently quite unimportant. Against this a marked difference was found 
when the proportionate gains were considered. While the weight of the larger rat was doubled, that of the smaller 
animal was nearly trebled — unquestionably a much better performance. The true difference was borne out 
by the average relative growth rates which were 8'40 and 12'19 per cent respectively. 

The average absolute as well as the average relative growth rates for each of the animals are given in Table 1. 
The former, expressed in grammes, was calculated as the simple arithmetic mean of the weekly gains, whereas 
the latter, the relative rate, was found by determining the regression coefficient of the straight line fitted to the 
logarithmic growth curve (to base e). This coefficient when based upon natural logarithms indicates the rate 
of increase per unit of time as well as per unit of weight already attained ; multiplied by 100 it expresses the 
percentage rate of increase per week (Fisher, 1941). A discussion of the shape of the logarithmic growth curves 
is given in the Appendix. 

(b) Analysis of variance . — ^In Table II the relative growth rates per week of all the rats are arranged 
according to (t) different supplements, and {li) initial weights, the first column showing the growth rates of the 
smallest animals, the third those of the largest. As already pointed out the three supplements were tried out in 
all possible combinations, that is in eight ways. The effect of a single supplement, e.g. butter, is estimated 
by comparing the mean relative growth rate of all twelve animals receiving butter with that of the reaming 
twelve which did not get it. As the total of the relative growth rates of the first 4 groups of rats in Table II 
which received no butter is 73'8I against 68'90 of the last 4 groups, the difference is — 4‘91 ; this divided byl 2 gives 
the effect of butter as — 0‘41 per cent (as shown in Table IV), Each of the three interactions between two 
supplements, e.g. casein X butter, and the one triple-action (casein X butter X calcium lactate) is similarly 
analysed on the basis of all 24 animals. 

Taking the former as an example, the two groups which received casein and butter simultaneously (one wit i 
calcium lactate in addition, the other without calcium lactate) plus the two groups receiving no casein or butter 
mav be compared with the remaining four groups which got either casein or butter but not simmtaneously , 
mean relative growth rates per rat are 6-68 and 5*21 per cent respectively. The difference is + | 

Table IV), and it expresses the interaction effect between butter and casein ; being positive it inihcat , .i . 
growth is accelerated 1-47 beyond what would be expected by the mere summmg of the single effects of butter 

and casein. 
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The rats used in this experiment were from four different stock litters. Not enough 
rats being available to keep a balance of sexes and litters, they were distributed at random 
except to ensure that the total weights of the animals per cage were approximately uniform 
and that each cage contained at least one animal of each sex. 

The experiment lasted nine weeks. 


Eppects op supplements on general condition op animals. 

On the poor rice diet alone the hair of the animals became loose and dry, and fell 
out or was chewed off by cage mates until neck and back were almost denuded. The 
gait and posture were affected, an effect commonly described by the workers in the 
laboratory as running on hind toes ’. These are common characteristics of rats fed on this 
diet. The rats receiving casein appeared normal except for somewhat thinned coats. Ihe 
general condition of the rats with butter was ' worse than that of those receiving no 
supplement at all : they were almost completely denuded of hair on head, neck and back ; 
the hind legs became almost erect when standing, and the animals could rest only with 
the legs spread wide apart ; the tails became scaly and ringed and wete broken off in 
successive stages. Of the rats fed on single supplements the coats of those receiving 
calcium lactate were best. 

On calcium lactate plus butter the coats were markedly thin ; on casein and calcium 
lactate the coats were excellent ; on casein and butter they were thinned in the first two 
weeks but recovered and were in good condition before the end of the experiment. The 
rats receiving all three supplements had excellent coats. No rats except those on the 
poor rice diet alone and those on butter supplement alone showed deformity of the hind 
legs, and only in the butter cage were the tails affected. 


Method op statistical analysis. 

The statistical significance of the experiment was based upon a study of the logar- 
ithmic growth curves in preference to the absolute growth curves, and the proportionate 
weight gains, expressed as the average relative growth rates per week, were submitted-to 
statistical analysis. 

(а) Relative growth rates. — The advantage of analysing relative growth rates instead of the frequently used 
average absolute gains is evident if it is considered that two animals with the same absolute growth rates would 
have grown quite differently if they started from different initial weights. Two rats from a recent experiment 
may be taken as an illustration of this fact, the one weighing 47 g., the other 32 g. at the beginning of the 
experiment. Their weights after nine weeks were 101'5 g. and 89 g. respectively, giving average weekl}' gains 
of 6'06 g. and 6'33 g. The difference is apparently quite unimportant. Against this a marked difference was found 
when the proportionate gains were considered. While the weight of the larger rat was doubled, that of the smaller 
animal was nearly trebled — unquestionably a much better performance. The true difference was borne out 
by the average relative growth rates which were 8'40 and 12T9 per cent respectively. 

The average absolute as well as the average relative growth rates for each of the animals are given in Table I. 
The former, expressed in grammes, was calculated as th^e simple arithmetic mean of the weekly gains, whereas 
the latter, the relative rate, was found by determining the regression coefficient of the straight line fitted to the 
logarithmic growth curve (to base e). This coefficient when based upon n atural logarithms indicates the rate 
of increase per unit of time as well as per unit of weight already attained ; multiplied by 100 it expresses the 
percentage rate of increase per week (Fisher, 1941). A discussion of the shape of the logarithmic growth curves 
is given in the Appendix. 

(б) Analysis of variance. — In Table II the relative growth rates per week of all the rats are arranged 
according to (i) different supplements, and (ii) initial weights, the first column showing the growth rates of the 
smallest animals, the third those of the largest. As already pointed out the three supplements were tried out in 
all possible combinations, that is in eight ways. The effect of a single supplement, e.g. Butter, is estiinatea 
by comparing the mean relative growth rate of all twelve animals receiving butter with that of the rmainmg 
twelve which did not get it. As the total of the relative growth rates of the first 4 groups of vats in Table li 
which received no butter is 73’81 against 68‘90 of the last 4 groups, the difference is — 4‘91 ; this divided byl 2 gives 
the effect of butter as — 0'41 per cent (as shown in Table IV). Each of the three interactions between tv o 
supplements, e.g. casein X butter, and the one triple-action (casein X butter X calcium lactate) is similar y 
analysed on the basis of aU 24 animals. 

Taking the former as an example, the two groups which received casein and butter simultaneously (“tie 
calcium lactate in addition, the other without calcium lactate) pins the two groups receiving no casein or u 
mav be compared with the remaining four groups which got either casein or butter but not simultaneous y , 
mean relative growth rates per rat are 6'68 and 6'21 per cent respectively. The difference is + p 

Tqble IVl. and it expresses the interaction effect between butter and casein ; being pomtive it inmca e , 
growth is accelerated 1'47 beyond what would be expected by the mere summing of the single effec 

and casein. 
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Before discussing the significance of the supplementary effects, attention may be drawn to the observation 
that the growth rates were affected by the difference in initial weights, the smaller rats growing faster than the 
larger ones. This observation, though statistically not quite of significance value, is in keeping with common 
experience from nutrition experiments with other species of animals. Although it has no direct bearing upon the 
chief purpose of the present investigation, the importance of the observation lies in the possibility of increasing 
the efficiency of the experiment by separating from the residual sum of squares {Table III) the part contributed 
by the variation caused by different initial weights. By reducing the residual sum of squares on which is based 
the estimate of the experimental error, the latter becomes smaller and, therefore, the precision of the experiment 
higher. In this connection it may be added that an estimate of the experimental error on basis of the absolute 
gro^vth rates showed it to be about twice as large as in the present analysis, corresponding to a precision about 
four times less. 


Table IV. 

Main effects of supplements expressed, in terms of 
average relative growth rate per tveeh. 


Supplements. 

Relative growth 
rate per cent 
rat weight. 

Single effects : 

Casein 

+ 5-78* 

Calcium lactate 

+ 4-07* 

Butter 

- 0-41 

Interactions : 

Casein X calcium lactate ... 

+ 0-08 

Casein x butter 

+ 1-47* 

Calcium lactate X butter ... 

+ 0-01 

Triple-effect ; 

Casein x calcium x butter 

+ 0-36 

Estimate of standard error ... 

± 0-4038 

Significance levels. 

at 5 per cent 

0-87 

.. 1 „ 

1-20 

.> 01 „ 

1-67 


* Highly significant. 


Results op the statistical akalysis op growth bates. 

Table I\ gives the numerical values of the change in relative growth rates caused by 
the various supplements. The result of the experiment as found bv the statistical analysis 
may be summarized as follows. ^ 

j, sir ' ' 
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JTable II. 


RelaLwe growth rales {joer cent j.er weel') rcsnJiwg from Jccdivg rats oii poor rice diet 
with supgdenients of cusehi, cahhim lactate ami hiilltr, singly ami comhined. 


Supplements. 

{»)t . 

(it) 

(lit) 

Total. 

Mean. 

Nil 

1-30* 

2*64 

1*62 

6*46 ' 

1*82 

Casein 

7-33* 

6*31 

6*62 

19*26 

6*42 

Calcium lactate 

8-60 

4*00 

5*19’" 

18*48 

6*16 

Casein + calcium lactate 

11*97 

9*25* 

9*39* 

30*61 

10*20 

Butter 

0*71* 

0*38 

-0*24* 

0*85 

0*28 

,, -f casein 

7*03* 

0*47'' 

7*25 

21*36 

7*12 

„ + calcium lactate 

5*10 

3*32 

3*38* 

11*80 

3*93 

+ casein + calcium lactate 

11*04 

I1*G2 

12*24* 

34*90 

11*63 

Totai. 

.■>3*77 

44*59 

44*33 

142*71 

• ■ • 

JIean 

6*72 

6*57 

5*54* 

... 

6*946 


* 3\Iale rats. 

f In column (t) are entered rata with the smallest initial weights, in (iii) those with the largest initial weights. 


The result of the analysis of variance is given in Table III : — 

Table III. 
Analysis of variance. 


Items. 

Sums of 
squares. 

D.P. 

M. Sq. 

V.R. 

Probability. 

Single effects ; 

Casein 

... 201*4342 

1 

201*43 

206*89 

j Leas than 0*001 

Calcium lactate 

99*6116 

1 

99*51 

101*71 

„ 0*001 

Butter 

1*0046 

1 

1*00 

1*03 

0*40—0*30 

Interactions : 

Casein x calcium lactate 

0*0360 

1 

0*036 

... 

... 

Casein X butter 

13*0095 

1 

13*01 

13*30 

0*01—0*001 

Calcium lactate x butter 

0*0007 

1 

0*0007 

... 

... 

Triple-effect : 

Casein X butter X calcium lactate 

0*7597 

1 

0*76 

... 

• •• 

Total treatment effect 

316*7661 

7 

... 

... 

... 

Between initial weights 

7*2111 

2 

3*61 

3’68 

0*20-0*05 

Error 

13*6973 

14 

0*9784 

... 

... 

Total 

336*6646 

23 

• «« 

... 

... 


D.IT. =Degrees of freedom. 


M. Sq, =Mean square or variance. 
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V.R. =‘Variance ratio. 


5. It is concluded that the poor rice diet is deficient in a factor or factors essential for 
the utilization of dietary fat and that this factor is supplied in technical casern. 
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APPENDIX. 

Discussion on the shape of the logarithmic growth curves. 

The adoption of the average relative growth rates as basis of analysis presumes that the linear regressions 
bv themselves were adequate expressions of the logarithmic grow* curves, or m other words that the o^es 
Mowed closely a straight line. This again means that the growth rate should be constant throughOTt the 
experiment and the experiment be terminated before the growth tends to cease. As may be seen from Figs. 1 
and 2 the curves did generally follow a straight course but in some cases they were_ shghtly parabohc. In order 
to assess the significance of the deviations from a straight line, polynomial regrpsion lines of second order were 
fitted to each logarithmic curve according to Fisher and Yates’ method, and the coefficmnts of the fer^ 
are entered in Table V. From the coefSoients to the quadratic term (column c of Table V) it w^ be_ seen that 
two of the rats receiving casein as supplement showed slightly parabolic growth curves, the negative sj^ of the 
coefficients indicating an upwards convex curvature, whereas in the case of rats receivmg poor nee diet only or 
supplements of butter, calcium lactate or both combined, the curves had a downwwds convex curvature, the signs 
beins positive, indicating that the rats to begin with lost weight but later picked up, gammg_ slowly. Except m 
the case of the rats receiving butter all the linear regression coefficients were positive and sigmficant indicating 
a definite gain in weight, and in the case of the rats in cages 5, 6 and 8 these coefficients alone were sufficient to 
express the shape of the curves which, therefore, truly followed the course of straight lines. In the other cases where 
the parabohc regression coefficients also were statistically significant, their values were so small that with a 
single exception they may be considered quite unimportant compared with the values of the linear regression 
coefficients. Only in case of the butter rats in cage 4 was the linear legression insignificantly hut the parabohc 
regression significantlj different from zero, which indicates that the animals just maintained their weight despite 
a temporary loss. 

Concluding, it seems justified in the analysis to ignore the deviations from the straight regression line and 
to rely only upon the first order regressions as expressed by the average relative growth rates. 


Table V, 

Coefficients of ‘polynomial regression lines of the form y — a -\-hx cx^ 
fitted to the logarithmic growth curves [to base e) of rats fed on 
a poor rice diet 'with various supplements. 


Cage. Supplements. 

Sex. 

a 

5 

c 


■ F 

1-373 

4- 0-01524* 

-f 0-00452* 

1. Bil ... 

F 

1-432 

4- 0-02635* 

4- 0-00491* 


M 

1-130 

^ 0-01297* 

4- 0-00069 


* Coefficients significantly different from zero. 
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Casein and calcium lactate caused a marked and highly significant acceleration of the 
- growth, whereas butter had a negative though not significant effect*. Of the three inter- 
actions of first order, two were small and insignificant, but the interaction between 
casein and butter was highly significant (-}-l'47 being more than three times the 
experimental error), indicating a stimulus of the growth beyond what would be expected 
from a mere su mmin g of the single effects of the two ingredients. The interaction between 
all three supplements was not significant. 

Discussion. 

The deficiencies of poor rice diets have been discussed by Aykroyd and Krishnan 
{loc. cit.) and Aylcroyd, Krishnan, Passmore and Sundararajan (Zoc, cii.), who state that 
these diets are deficient in vitamin A, calcium and various factors in the vitamin Bo 
complex. ^ In their experiments with rats the addition of skimmed milk powder induced a 
striking improvement in growth rate but it was found that much of the effect of the 
milk supplement could be produced by calcium lactate or calcium phosphate alone, and 
since it was found that casein produced a smaller improvement of the growth rate the 
conclusion was drawn that protein deficiency is of relatively minor importance with rice 
diets. The addition of extra fat in the form of gingelly oil did not accelerate the growth, 
the observation being interpreted as ‘ suggesting that the rice-eater’s low fat intake does 
not represent per se a serious problem ’. 

In the present, experiment not only calcium lactate but also casein accelerated growth 
very markedly, the difference between the effects of casein and calcium being statistically 
insignificant. The most interesting findings, however, are first, that when butter was 
added to a rice diet, already deficient in fat, the rats were unable to utilize the fat, and 
not only did not grow but developed pathological symptoms more severe than, and in 
some respects different from those produced by the rice diet alone ; secondly, that when 
casein was added to the butter, these pathological effects of the added fat did not appear 
and the beneficial effect of butter appeared as shown by acceleration of growth even 
greater than could be explained by the casein effect alone. 

These results seem to indicate that the poor rice diet is deficient in a factor or 
factors essential for the normal utilization of dietary fat, and that this factor was 
supplied by the casein. In experiments with a basal diet so badly balanced and with 
such multiple deficiencies as the poor rice diet, any attenipt at interpretation of results 
at this stage must be very tentative. That the explanation is prpbably not to be found 
in the nature of the fat supplied is indicated by the fact that gingelly oil which is rich 
in linoleic acid (Hoover, 1939) produced the same effect as butter (unpublished data 
referred to above). Of contaminants present in technical casein a calcium effect may be 
ruled out by the results of the present experiment with calcium lactate and butter; 
the possibility of the B 2 -group vitamins cannot -be ignored but the quantities .present in 
the amount of casein supplied are so minute as to make this explanation unlikely. A 
possible factor is the amino-acid methionine supplied by the casein. 

Summary. ' 

1. The purpose of the present investigation was to examine the supplementary 
effects of casein, calcium lactate and butter, singly or combined, on the growth of young 
rats fed on a basal rice diet similar to that common among the poor in South India. 

2. Casein as weU as calcium lactate was found to have a highly significant effect 
in promoting growth. 

3. Butter affected both growdh rate and general condition adversely. 

4. Casein when added to butter counteracted the negative effect of butter and converted 
it into a positive effect. This interaction was highly significant. There was no sigm can 
interaction between calcium lactate and butter' or between calcium lactate and casein. 

* The growth on the poor rice diet alone was so slight that a negative effect great enough to be significant 
would have resulted in the death of the animals. 
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Tapioca is extensively cultivated in various tropical countries. It is usually called 
cassava or manioc, the term ‘ tapioca ’ being applied to starchy processed products obtained 
from the root. In India, however, the root itself is called tapioca. ^ Introduced into 
Travancore during the last century, tapioca is now extensively cultivated in that State and 
in neighbouring areas. In 1943-4:4 production in Travancore increased by some 33 per cent 
and the area under this crop reached 0'5 million acres out of a gross cultivated area of 
approximately 2'2 million acres. Total production in this year was estimated as 750,000 
tons. During the war period the area under tapioca in Cochin State bas doubled, production 
being 30,000 tons in 1943-44, while in Malabar the area has also been doubled, reaching 
in that year 40,000 acres, with an estimated production of 120,000 tons. 

Certain characteristics of tapioca may be mentioned. It is a high-yielding dry crop, 
growing abundantly even on infertile soil, and does not need much attention. It has, in fact, 
been called a ‘ lazy man’s crop ’. The average yield in India is about 2 tons per acre, but 
yields as high as 10 to 15 tons per acre have been reported in other countries. _ Its calorific 
value is relatively high, and the return of calories per unit area from tapioca is higher than 
the return from rice or other cereals. 

The root is mainly starchy and very poor in protein, containing less than 1 per cent* 
Its fat content is negligible and it is a poor source of minerals and vitamins of the B group* 
The fresh rpot contains appreciable quantities of vitamin C, but this is destroyed on drying- 
The leaves are a very rich source of ascorbic acid (Raymond, Jojo and Nicodemus, 1941), and 
according to van Veen (1938) ‘ thiamin, carotene and lactoflavin are present in more than 
average amounts ’. The fresh root (as also the leaves) contains cyanogenetic glucosides and 
cases of tapioca poisoning in human beings and animals have been reported. Drying, how- 
ever, completely destroys the glucosides, and if the roots are coohed in a fresh state the poison 
is extracted by the cooking water. In practice, human poisoning is rare in tapioca -eating 
areas. 

Tapioca, as has been pointed out, is a food of growing importance in South India and 
careful investigation of its nutritive properties is called for. Preliminary work on the subject 
has been carried out in these Laboratories (Aykroyd and Krishnan, 1939). In the present 
study the nitrogen complex of the root, the in vitro digestibility of tapioca starch and the 
availability of its carbohydrates have been studied. 


Experimental. 

1. The nitrogenous fraction. 

Fresh tapioca roots were stored in a refrigerator and used as required. For extraction 
of the nitrogen, they were made into fine paste and extracted with different solvents 
as described below. Slices weighing 100 grammes were ground well with 200 ml. of the 
solvent, the mixture transferred to a flask and shaken for 15 minutes. The mash was 
^en squeezed through a muslin cloth and the extraction repeated thrice noth the residue. 
The combined extracts were left in the refrigerator overnight to allow the starch to settle" 
and the supernatant decanted off and centrifuged to remove s uspended matter. It was 
made up to volume, and aliquots taken for the various estimations. 
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Table V — concld. 


Cage. Supplements. Sex. a h c 



' 


F 

1-583 

0-06314* 

- 0-00235* 

2. 

Casein, 0'4 g. ... ... - 


M 

1-594 

+ 0-07329+ 

- 0-00481* 


- 


M 

1-GG7 

-j- 0-05623* 

+ 0-00125 



1 


1-304 

+ 0-04595* 

-f 0-00894* 

3. 

Calcium lactate, 0'115 g. ... - 

1 


1-487 

-f 0-08692* 

+ 0-00098 



1 


1-540 

-f 0-05189* 

-t- 0-00591* 

- 


r 

F 

0-99G 

+ 0-00381 

+ 0-00970* 

4. 

Butter, 0'5 g. ... ... - 


M 

1-442 

- 0-00239 

+ 0-00418 




M 

0-995 

+ 0-00712 

+ 0-01034* 



r 

F 

1-G83 

+ 0-09253* 

- 0-00019 

5, 

Casein, 0'4 g., and calcium lac- - 
tate, O'llS g. 

1 

1 

M 

1-726 

+ 0-11974* 

- 0-00186 


i 

M 

1-790 

+ 0-09387* 

+ 0-00432 


» 

- 

F 

1-749 

+ 0-07246* 

+ 0-00049 

6. 

Butter, 0'5 g., and casein, 0'4 g. - 


M 

1-524 

+ 0-07636* 

-- 0-00053 



. 

M 

1-385 

+ 0-06473* 

- 0-00106 




F 

1-279 

+ 0-05099* 

+ 0-00420* 

7. 

Butter, 0'5 g., and calcium lac- ■ 
tate, 0‘116 g. 


F 

1-136 

+ 0-03325* 

+ 0-00724* 


. 

M 

1-484 

+ 0-03376* 

4- 0-00466* 



1 


1-582 

+ 0-11044* 

+ 0-00170 

8. 

Butter, O'S g., casein, 0'4 g., and ■ 
calcium lactate, 0'115 g. 

1 


1-846 

+ 0-11622* 

- 0-00114 


1 


2-094 

+ 0-12242* 

— 0-00284 


♦Coefficients significantly different from zero. 
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Attempts were then, made to determine the quantities of the various fractious of 
proteius present in the extracts by using known precipitants for albumins, globulins, etc. 
(Table III). 

Table III. 

Types of proteins present in extracts. 


(N expressed as percentage of the total N extracted.) 


Extract. 

10 per cent 
trichloracetic 
acid. 

Half Eaturation 
■with 

(NH,). SO,. 

EuU saturation 
with 

(NH,), SO,. 

Heat coagula- 
tion at 
pH 7-0. 

Precipitated 

at 

pH 4-0. 

Water 

28-67 

Turbidity 

Turbidity 

Turbidity 

10-71 

5 per cent NaCl 

41-86 

*> 

27-90 

13-95 

4-65 

70 per cent alcohol 

Turbidity 

... 

... 


... 

0-2 per cent NaOH ... 

35-16 

9-89 

17-58 

... 

18-68 


It is to be noted that the water extract yielded no "precipitate on heating. It was, how- 
ever, found that some coagulation occurred at higher concentrations. But the coagulated 
protein again dissolved on cooling. It was possible to isolate tbe coagulum by immediately 
centrifuging it off while hot and drying by washing with alcohol, acetone and ether. In the 
case of precipitation with ammonium sulphate, though proteins were not precipitated 
in any appreciable quantity in these experiments, a precipitate was obtained when more con- 
centrated extracts were used. This, behaviour seems somewhat strange, but it may be due 
to the peculiar nature of the proteins in tapioca. The 70 per cent alcohol extract yielded no 
precipitate with trichloracetic acid. A little precipitate (the precipitated ISl amounting to 
0-395 per cent of the total N extracted) was obtained’ when the extract was diluted with 
water. This suggests that the proteins of tapioca may have different properties from those 
of the typical albumins, globulins, etc. The material was then extracted successively udth 
different solvents : Fifty grammes of the tapioca slices were crushed well and the paste 
successively extracted with 150 ml. of water, 5 per cent sodium hydroxide, the shaking 
period being in each case 15 minutes. The extraction with each solvent was carried out 
three times, after which, as the preliminary experiments showed, the part of theN extractable 
with that solvent was completely removed. The combined extracts were centrifuged to 
remove suspended particles, and aliquots were used for nitrogen determinations. The 
results are shown below : — ' / 


Experiment. 

Water. 

5 per cent 
Naa. 

70 per cent 
alcohol. 

0"2 per cent 
EaOH. 

I 

67-18 

4-13 

0-68 

42-75 

II 

54-41 

3-44 

0-688 

43-44 


{N expressed as percentage of total N) 


On comparing these results vith the results obtained when separate portions of the 
material were extracted with different solvents, it can be seen that about 56 per cent of the 
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Table I. 

Extraction of nitrogen from tapioca. 


(N expressed as percentage of the total IsT in tlie root.) 


Solvent. 

Eirst 

extraction. 

Second. 

t 

Third. 

Fourth. 

Total N 
extracted. 

N left in 
the residue. 

N recovery 
as percent- 
age of total. 

Water 

61*21 

17*34 

2*74 

0*31 

81*60 

16*78 

98*38 

SpercentNaCl 

63*73 

17*68 

3-00 

0*39 

84*8 

19*25 

104*05 

70 per cent alcohol 

43*18 

8*44 

3*38 

0*75 

65*75 

45*86 

101*61. 

0*2 per cent NaOH 

72*81 

16*91 

6*93 

0*23 

96*88 

5*40 

102*28 


It is evident from Table I that a certain proportion of the nitrogen was not extracted by 
the different extractants, • This was rather high in the case of extraction with 70 per cent 
alcohol. During the preliminary experiments, the same was found to be the case when acid 
(1 per cent HCl) was used for extraction. The amount of nitrogen left unextracted in 
the residue, which gave positive protein colour reactions, varied with different solvents. 
It is of interest to note in this connection the close analogy with the behaviour of nitrogen 
in potato (Ifeuberger and Sanger, 1912). Though a portion of this unextractable nitrogen 
was of protein nature, the presence of other nitrogenous substances is also probable. 

The protein fraction in the extracts was determined by precipitating it by a number of 
reagents. Table II summarizes the results ; — 

Table II. 

Protein fractions in extracts. 


(N expressed as percentage of the total N extracted.) 


Precipitant used. 

Percentage of 
soluble 

N precipitated. 

Precipitant used. 

Percentage of 
soluble 

N precipitated. 

Trichloracetic acid (10 per 
cent). 

28*67 

Lead acetate (20 per 
cent). 

32*50 

Ethyl alcohol (60 per 
cent). 

27*50 

Copper hydroxide (Stut- 
zer’s reagent). 

10*00 

Saturated barium 
hydroxide solution. 

21-25 

Phosphotungstic acid 

(6 per cent). 

26*60 


Lead acetate precipitated more N than the other typical protein precipitants, probably 
because itiormed insoluble complexes with molecular nitrogenous substances in the e:^raot, 
like the amino-acids and the nitrogenous bases. Copper hydroxide behaved in a different 
way, precipitating the least amount of soluble N; but this is only to be expected since tins 
reagent is Imown to precipitate only the true proteins. 
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1930). These results together with the amino-acid composition of other proteins are given 
below : — v 

Table IV. 


Amino-acid comjmsition of tapioca protein and other proteins. 


Protein of 

Arginine 

N. 

Tyrosine 

N. 

Tryptophane 

N. 

Cystine 

N. 

Author. 

Cabbage ... 

13-0 

2-2 

1-2 

IT 

Kao, Adolph, Liu (1935). 

Sweet potato 

11-8 

2-4 

1-8 

1-8 


Egg-albumin 

10-7 

2T 

1-2 

1-C 

Calvery (1931). 

Casein 

3-8 

6-5 

2-2 

0-3 

Sherman (1942). 

Eice ... '' 

13-7 


0-9 

IT 

Rosedale (1939). 

Tapioca ... 

17-0 

. 1-6 

IT 

1-3 



It is to he seen from Table IV that the proteins of tapioca contain fair amounts of 
the important amino-acids and compare favourably with casein, egg-albumin and proteins of 
cabbage and sweet potato. It is, therefore, likely that the defect of tapioca lies in the low 
total quantity of protein contained in it rather than in its quality. 

Analysis of non-protein nitrogen . — Many foodstuffs contain considerable amounts of 
non-protein nitrogen (McCance and Shipp, 1933; Bhagvat and ' Sreenivasaya, 1935) part of 
which may exist as simple derivatives of proteins and amino-acids, not precipitated by most 
of the common protein precipitants. Very little is known of the role of the non-protein 
nitrogeii of_ foodstuffs, in nitrogen metabolism. The evidence available is contradictory. 
Bhagvat and Sreenivasaya (loc. cit.) state that the non-protein nitrogen of pulses consists of 
easily digestible and assimilable peptides ; while Swaminathan (1938) found that the non- 
protein nitrogenous materials (not precipitated by copper hydroxide) are not fully digested 
and contribute to the low digestibility coefficient of tlie nitrogen of certain foodstuffs. 
Analysis of the non-protein nitrogen in the water extracted of tapioca gave the following 
results : — 

Table V. 


Non-protein nitrogen in tapioca. 

(Values as percentage of the total N extracted.) 


Amide N ... 

1-4C 

Precipitated by phosphotungstic 
acid. 



Total N ... 

... 21-8 



Amino N ... 

... 16-03 



Non-amino N 

3-19 

Not precipitated by pbos- 
photungstic acid. 



Total N ... 

59-43 

Histidine N 

4-52 

Amino N ... 

48-03 

Lysine N ... 

... 11-58 

Non-amino N 

10-14 

Cystine N ... 

2-02 



Arginine N 

3-7 



Tyrosine N 

1-092 



Tryptophane N 

0-681 
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The above rcsnlts show that tbe digestibility o! tbc proteins of tapioca vn'- not Ir.-.- 
commred to those of rice and that they are digested vritliout niiicli difficulty by indivjo'nrd 
OTotekses ' They were as readily digested by tryptic enzymes as rirc protein^, and more 
readily by pepsin. The tapioca proteins vrere digested to a greater eafent by pep-in ’ban 

thosc-ol-pototo. CMmimla. 


Finely powdered tapioca root was used. The vdiole root rather than separated st.arfh 
was taken because in the body the digestion of the starch take.s place in flic jiresf-iice (.f 
other nutrients. The digestive enz3Tnes employed were taka diast-asc and pnnerenf ic nmvla'^f'. 
For the sake of comparison similar in vilro experiments were carried out with wlienf. rice 
and potato. 

Fiq. 1. * Fia. 2. 




Digestihility of the starches in the raw state, — A weighed quantity (10 g.) of the finely 
powdered material was ground up thoroughly with water into a uniform paste and sus- 
pended in 120 ml. of phosphate buffer of pH 8-0 in experiments with taka diastass, and 
pH 6-9 in experiments with pancreatic amylase. In the latter case, 2 ml. of 0-2 N sodium 
chloride were also added to activate the enzyme. The experiments werb carried out at a 
temperature of 40°C. When the contents of the flask attained this temperature, 10 ml. 
of a 2 per cent solution of the enzyme were added and the mixture stirred well. Aliquots 
of the reaction mixture were removed at intervals of 10, 20, 30, 60, 120 and 180 minutes 
and the reaction stopped by the addition of 2 ml. of normal hydrochloric acid. The 
reducing sugar formed was then determined by the hypoiodite method of Willstatter, 
Waldschmidt-Leitz and Hesse (1923). 

Digestibility of the starches after coo/aup,-— The digestibility of the different starches 
was also determined on the cooked samples. The cooking was carried out for a period of 
15 minutes in each case. The results are given in Tables VIII, IX and X and graphically 
shown in Figs. 1 and 2. 

Table VIII. 


Digestibility of various starches by iahn diastase (in vitro), 
(The reducing sugar formed is expressed as mg. of maltose.) 


Time in 
minutes. 

Tapioca. 

Rice. 

WinjAT. 

Potato. 

Uncooked, 

mg. 

Cooked, 

mg. 

Uncooked, 

mg. 

Cooked, 

mg. 

Uncooked, 

mg. 

Cooked, 

mg. 

Uncooked, 

mg. 

Cooked, 

rag. 

10 

9-02 

18-92 

14-21 

19-21 

8-20 

21-41 

18-11 

23-24 

20 

14-50 

29-73 

27-31 

32-14 

22-13 

37-65 

36-65 

39-10 

30 

20-71 

36-44 

36-00 

40-01 

34-26 

44-02 

42-16 

46-72 

60 

24-32 

53-60 

45-36 

60-71 

46-72 

58-91 

50-01 

64-61 

120 

32-67 

58-12 

50-05 

73-44 

52-8 

68-41 

63-25 

81-63 

180 

36-46 

59-01 

52-78 

76-89 

63-75 

71-24 

55-43 

88-01 


Table IX. 

Digestibility of various starches by pancreatic amylase (in vitro). 
(Reducing sugar is expressed as mg. of maltose.) 


Tapioca. Rice. Wheat. Potato. 

Time in - ’ ' '' 


minutes. 

Uncooked, Cooked, Uncooked, 



mg. 

mg. 

mg. 

10 

2-98 

20-14 

19-47 

20 

9-00 

29-43 

39-10 

30 

18-01 

32-95 

45-04 

60 

26-20 

41-62 

50-01 

120 

26-96 

46-05 

53-20 

180 

29-04 

47-37 

65-10 


looked, 

mg. 

Uncooked, 

mg. 

Cooked, 

mg. 

Uncooked, 

mg. 

Cooked, 

mg. 

29-92 

6-97 

25-26 

15-21 

32-73 

41-61 

19-70 

34-71 

28-30 

49-34 

50-05 

33-04 

41-46 

36-00 

58-10 

58-24 

44-00 

49-34 

47-60 

71-17 

62-40 

62-70 

55-63 

49-52 

84-26 

64-67 

64-30 

68-51 

62-70 

92-91 
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Table X. 


Digestibility of the carbohydrates of tajnoca per cent. 


A 

*3 

o 




ci 




O 

fc4 





6 

Zfl 

O 

o 

5 


o 

03 


O 

o 




o 

m 

o 

u 

o 


05 O 

o -g 

.EP2 

^ >> 
ei ^ 

•S o 


t® 

o fa 




t-*. 




to 

s 


Tapioca (raw) ... ... 21-25 1-863 Q-32 1-565 

2-2 0-189 

0-20 

0-08 

34-7 

35-169 

72-8 48-3 

„ (cooked, calculated 

... 0-21 

0-19 

0-11 

56-2 

56-71 

77-9 


^uuuncU) t:uiuuici.i.uu 

on 21*24 per cent moisture 
basis). 


Experiments carried out on the carbohydrates of tapioca show that they are hydrolysed 
by amylase to an extent of 48 per cent in raw state and 78 per cent after cooking. 
In vitro experiments carried out on human beings by Langworthy and Devel (1922) show 
that the cassava and potato starches are digested almost completely. It is to be noted, 
however, that the in vitro experiments described in this paper were carried out with a single 
enzyme, and the conditions did not correspond with those in the digestive system where 
carbohydrates are subjected to the cumulative action of various enzymes and other hydro- 
lysing agents. The observations of Langworthy and Devel (1920) show that relatively 
large quantities of raw potato or raw corn starch can be assimilated by normal human 
subjects. They reported that raw potato starch was the 'less digestible’ of the two. 
Beazell, Schmidt and Ivy (1939) found in the course of in vitro experiments that raw 
potato starch was almost entirely refractory to the action of the gastro-intestinal enzymes. 
According to these authors the disappearance of starch during its passage through the 
alimentary tract does not necessarily mean that all that has disappeared has been digested 
and assimilated, for bacterial fermentation accounts for the decomposition of a major part 
of the starch. 

In vitro digestion experiments conducted on the raw starches show that, in general, 
the starches are more slowly acted upon by digestive enzymes in the raw state than when 
cooked. It is known that cooking improves the digestibility of starch to a less extent 
than that of protein. The simultaneous action of a proteolytic enzyme (trypsin) and a 
diastase causes more rapid digestion of starch and protein than diastase or protease actine 
alone (Carman, Smith, Havens and Murtin, 1930). 

The above results show that the carbohydrates of tapioca are more easily attacked by 
taka diastase than by pancreatic amylase. A similar observation has been made by Basu 
and Mukherjee (1936) during their work on the digestibility of starches from different 
varieties of Bengal rice. This is, however, of little practical importance since taka diastase 
is an enzyme found only in fungi and not in the human digestive system. 


Stoimary. 

1. The nitrogen complex of tapioca (Manihol utilissima) was investigated. A major 
portion of the nitrogen exists in the form of simple nitrogenous compounds. An attempt was 
made to isolate the proteins of the root in pure form. 

2. Both the protein and non-proteimfraction contain the amino-acids, tyrosine, trvpto- 
phane and cystine in fair amounts and have a high arginine content. 
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3. In vitro digestibility _ experiments stowed that the digestibility of tapioca proteins 
was not inferior to that of, rice protein. 

4. The chief defect of tapioca as a source of protein appears to lie in its low total 
protein content rather than in the quality of the protein present, 

5. The^digestibility of the carbohydrates of tapioca by two enzymes has been studied 
and found to be 48-3 per cent in raw state and 77-9 per cent after cooldng. The starch 
is digested to a greater extent by taka diastase than by pancreatic amylase. 
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Lathyrism is an ancient disease. According to Chopra (1935) ‘ in the old Hindu 
literature, Bhavaprokasa, it is written that “ the triputa pulse ” causes a man to become 
lame and crippled and it irritates the nerves ’. Hippocrates observed that the prolonged 
use of certain peas as food was liable to cause paralysis. In the seventeenth and eighteenth 
centuries outbreaks of disease which were ascribed to the eating of lathyrus occurred in France, 
Germany, Italy and Algiers. The first account of lathyrism was written by a layman, 
General Sleeman, over 100 years ago. Sleeman (1844) encountered an outbreak in a number 
of villages near Saugor in the Central Provinces in 1834-36 and described it in his ‘ Rambles 
and Recollections of an Indian Official’, published in 1844. His account, wnich is clear and 
vivid and could scarcely be bettered to-day, may with advantage be quoted in fuU : — 

‘ In 1829 the wheat and other spring crops in Saugor and surrounding villages were destroyed by severe 
hailstorms and rains and in 1831 they were destroyed by blight. During these three years the “ teori ” or what 
in other parts of India is called “ kesari ” (Tjaihyitis salivus), a kind of wild vetch which, though not sown itself, 
is left carelessly to grow among the wheat and other grains and given in the green and dry state to cattle, 
remained uninjured and thrived with great lururiance. In 1831 they reaped a rich crop of it from the blighted 
wheat fields and subsisted upon its grain during that and the following years, giving the stalks and leaves 
only to their cattle. In 1833 the sad effects of this food began to manifest themselves. The younger part of the 
population of this and the surrounding villages, from the age of thirty downwards, began to be deprived of the 
use of their limbs below the waist by paral^ic strokes, in all cases sudden, but in some cases more severe than 
others. About half the youth of this village of both sexes became affected during the year 1833-34 and many of 
them have lost the use of their lower limbs entirely and are unable to move. The youth of the surrounding 
villages in which the “teori” from the same causes formed the chief article of diet during the years 1831-32 
have suffered to an equal degree. Since the year 1834 no new case has occurred but no person once attacked 
had been found to recover the use of limbs affected and my tent was surrounded by great numbers of the youth, 
in different stages of the disease, imploring my advice and assistance under the dreadful visitation. Some of 
them were very fine young men of good caste and respectable families and all stated that their pains and infirmi- 
ties were confined entirely to the part below the waist. They described the attack as coming on suddenly, often 
while the person was asleep, and without any warning symptoms whatever and stated, that a greater portion 
of young men were attacked than qf the young women. It is the prevailing opinion of the natives throughout the 
country that both horses and buUock.®, which have been much fed upon “ teori ”, are liable to lose the use of 
their limbs, but if the poisonous quantities abound more in grain than the stalk or leaves, a man who eats nothing 
but the grain must be more liable to suffer from the use of the food than beasts, which eat it merely as they 
eat grass or hay.’ 

In more recent times lathyrism has occurred in India in epidemic form in the Central 
Provinces (Buchanan, 1904), in Rewa, Central India Agency (Acton, 1922 ; McCombie 
Young, 1927), in Gilgit (McCarrison, 1926 ; Mackenzie, 1927), in the United Provinces 
(Stott, 1930) and in the Punjab (Shah. 1939). Megaw and Gupta (1927) concluded from 
information supplied by civil surgeons in response to a questionnaire that the disease is 
mainly confined to a belt which runs across the Central Provinces, the east of the United 
Provinces and the north of Bihar. It also occurs in certain restricted areas in the Punjab 
and the United Provinces outside this belt. Lathyrism appears to be unknown in South 
India. Minchin (1940) reported a series of cases of spastic paralysis of the lower limbs in the 
Madras General Hospital- whjch he considered to be clinically indistinguishable from 
lathyrism, but there was no evidence that lathyrus seeds had formed part of the diet of 
the patients. 

The epideimc described in this paper occurred in Bhopal State in Central India in 1944- 
45. At the Fifth AU-India Food Conference, held in Delhi at the end of January 1945, 
an official of that state consulted Dr. W, R. Aykroyd, Director of Nutrition Research, 
then serving on the Famine Inquiry Commission, about an outbreak of disease which the 
people aflFected ascribed to the consumption of a certain kind of pulse. The account given 
obviously suggested lathyrism. A few days later the author was sent to Bhopal to 
investigate the outbreak. 
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The background of the ebidemic. 

One of the conclusions reached in the investigation is that lathyrism, as its name implies 
is due to eating lathyrus. There have been other theories of origin, which will be referred 
to later. As regards the immediate cause of the disease, nothing has been discovered 
which does not conform to the observations of Sleeman and the classical conception of 
aetiology. An attempt has, however, been made to study the social, economic and agricultural 
background of the outbreak — to discover, in fact, ivliy the victims of the disease were forced to 
rely on lathyrus a^ their staple food. Accordingly, before the clinical features of -the epidemic 
are described, an account will be given of the environment in which it occurred. 

Bhopal State, which has an area of 6,902 square miles and a population (1941) of 
785,000, is divided for administrative purposes into two districts, eastern and western. It 
was in the eastern district that lathyrism made its appearance. This district is an upland 
area, partially covered with forests, about 1,000 to 1,500 feet above sea-level, and less fertile 
than the western' district. The population is mainly Hindu. Malaria is prevalent and the 
spleen rate- is high. 

Except in Bhopal City and certain smaller towns, the entire population is engaged in 
agriculture and lives on food produced in the area. There are three types of workers in 
the villages : — 

(а) land-owning cultivators ; 

(б) sub-tenants of the above ; 

(c) labourers — these do various kinds of work as well as cultivation. Labourers 
are usually paid in kind and very rarely in cash. 

There are no modern means of irrigation. In bad seasons, rust, blight, hailstorms, 
excess of rain, etc., may lead to danger of scarcity and food shortage. The diet changes 
to some extent with the season, following the succession of harvests. 

The principal food crops and seasons of sowing and harvesting are as follows : — 


Crop. 

Time of sowing. 

Time of harvesting. 

Rice 

June 

October 

Maize 

y* 

December 

‘Jowar’ (Sorghum vulgare) 

»> 

yy 

‘ Sawan ’ (Panicum frumantaceum) 

»> 

October 

‘ Kodon ’ (Paspalum stohniferum) ... 

yy 

yy 

Black gram (Phaseolus mungo) 

yy 

yy 

Red gram (Gajanus indicus) 

yy 

yy 

Wheat 

October-November 

March 

Barley (Hordeum vulgare) 

October 

yy 

Bengal gram (Gicer arietinum) 

yy 

February-March 

Lentil (Lens esculenta) ... 

yy 

yy 

‘Teora’ (Lathyrus salivus) 

yy 

yy 


eluding 
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<;lie country. Howard and Klian (1928) described in detail the Indian types of Latlnjnis 
saiivu^. It is an important crop in tie eastern district of Bliopal for tlie folloMong 
reasons : — 


1. It is used as a fodder crop. 

2. It gives a good yield with minimum labour. It is a hardy plant and thrives well 

in unfavourable circumstances. 

3. It is a stand-by to the cultivator should there be a failure of wheat supplies. If 

wheat is in short supply ‘ teora ’ grains are consumed in greater quantities. 

VeaetabJes are grown in only a few villages and on a very limited scale. Vegetable sellers 
called ‘ kachhis ’ may come once or twice a month to sell vegetables to those who can 
afford them. The following vegetables are grown in the ' district : — 


Spinach 

Onion 

Brinjal 

Cucumber 


Bitter gourd 
Carrots 
Tomatoes 
Radish 


Bengal gram leaves ... ... These are eaten frequently. 

‘ Rajgra ’ leaves ... ...^ These are wild plants, taken occasionally but not 

' Bathua ’ leaves ■ ... ...j relished by the villagers. 

— There are very few fruit gardens in the districts and the poor rural community 
cannot afford to buy imported fruits. Mangoes, papaya, ‘ ber ’ (plums — Zizyj^hvs jojvha), 
■ mohwa ’ and ‘ achar ' are consumed to some small extent in the district. 

Milh and milk froducU. — ^Milk is obtained both from cows and buffaloes. The cattle are 
small and degenerate though grazing grounds are abundant in the area. The average 
cow in the area yields about 1 lb. to li lb. of milk per day, and an average buffalo 3 lb. 
to 5 lb. In Table I the population of human beings and the number of milch cattle in two 
villages in the area are shown ; — 


Table I. 

JTame of rillape. 

Population. 

Number of 
co^vs. 

Kumber of 
buffaloes. 

Birpvir 

940 

no' 

69 

Umarkhoe 

430 

02 

29 


Even the small quantity of available milk is not usually consumed by those who keep 
cattle. The milk is converted into curds and the milk fat is removed. The ghee is sold, and 
the buttermilk is consumed. " 

Meat and eggs. — Tradition and taboo ]uevent the eating of these foods. The gieat 
majority of the population is Hindu and does not take meat at all, while the few 
Mohammedans take meat very rarely. 

Sygar. — Little sugarcane is grown in this area and the consumption of sugar is almost 
negligible. 

The preparation and cooking of food. — ^The whole grains (both cereals and pulses) are 
ground into flour (‘ atta ’) and this flour is usually made into ‘ chapatties ’. IVhole or coarselv 
crushed pulses are boiled with water and consumed as porridge after the addition of salt 
and "Condiments. 

Conditions prevailing in the area at the time of the outbreak of lathyrim.—Timmg the last 
2 to 3 years, crops, especially wheat, in this area have been damaged bv rust, blight. ha^iIstonn.s. 
etc. The hardy "teora', however, thrived. Vhile wheat forms’ the staple diet of the 
population, the poor mix cheaper grains with wheat. Eailnre of the wheat crop had the 
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result that the poor consumed cheaper grains in increasing quantity. The prices ol food 
grains have risen to 2 to 3 times the pre-war level. In Table II the market rates of 
diherent food grains for the period 1939 to 1945 are shown ; — 

Table II. 


Marhet rates at which different food grains ivere available in the period from 1939 
' to 1945 {per 5 maunds). 


Name of foodstufF. 

1939. 

1040, 

1941. 

1942. 

1943. 

1944. 

1946. 


fes. 

Rs. 

Rs. 

Rs. 

Rs. 

Rs. 

Rs. 

Wlieat 

12 

16 

16 

20 

24 to 30 

30 

30 

‘ Teora ’ . . . 


12 

12 

13 

20 

20 

20 

Bengal gram 

10 

14 

14 

18 

26 

25 

25 

Lentil 

12 

18 

10 

20 

26 

26 

25 

‘Batla’-*' ... 

8 

12 

13 

16 

20 

20 

20 


* ‘ Batla ’ is a pulse which resembles a pea. Its consumption is being encouraged as an alternative to 
‘ teora ’. 

In 1944 the state authorities introduced the rationing of wheat into the urban areas. To 
meet the demand of the towns the cultivators were asked to give on payment certain 
quantities of wheat per acre sown. In areas where the wheat crop was poor, the cultivator 
was left with limited supplies of wheat. The position of agricultural labourers was also 
affected for the following reasons ; (a) The labourers are paid in kind. Cultivators did not 
have enough wheat and the labourers were given ‘ teora ’ [Laihyrns sativus) instead of wheat. 
(b) The landowning cultivators found a ready excuse for refusing demands for wheat on the 
part of their employees by saying that practically all their wheat had been taken by the state 
and that nothing was left. The net result of the crop failure and the procurement operations 
was that the poorer section of community was reduced to living almost entirely on ‘ teora ’. 
Visits to houses in villages at the time of preparing meals confirmed the above^ statement. 
It was found that poor villagers generally consumed ‘ chapatties ’ made of ' teora ’. In some 
cases ‘ teora ’ was mixed with Bengal gram, barley or wheat. 

State of nutrition. — One hundred children in a village were examined for the incidence of 
clinical signs of deficiency diseases. The results obtained are as follows ; — 

Number of children showing phrynoderma — 7 per cent. 

,, „ „ Bitot’s spots — Nil. 

,, ,, angular stomatitis — 2 per cent. 

Practically all the children showed discoloration of the conjunctivse. The general impression 
sained from this survey was that the state of nutrition was very similar to that of v age 
Children in many other parts of the country. This is a point of importance, since suggestions 
have been made that vitamin deficiency plays a part in the causation of lathyrism. 


The outbreak. 

Preliminary inquiries revealed that at least 1,200 cases had occurred 
Fifteen villages^in three tahsils in which a high incidence was '’'‘■Parted were visited ^ ^^^b 
160 people showing evidence of the disease were examined. A full his ry 
iecent oCt during the second half of 1944 or early in 1945 was 
cases occurring earlier might not be able to recollect details about the onset o 
attention was focused on more recent cases. 
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The disease is not a mysterious unfamiliar malady to the inhabitants of this area. 
Every year, or every second or third year, a few persons contract it. . Villagers are familiar 
with it and know that it is associated with famine and poverty, and that it is not an 
infectious disease. It may be added that the present outbreak of lathyrism was not confined 
to Bhopal State. There were reports of cases occurring in adjacent areas outside the 
state boundaries. 

Age . — The villagers cannot give their age with any degree of exactness. Table III 
shows approximately the incidence of the disease by age groups : — 


Table III. 


Age group, 
years. 

Number of 
cases. 

Percentage. 

4-10 

13 

18-0 

11-20 

19 

28-4 

21-30 

21 

29-1 


\ 


31-40 

11 

15-2 

41-50 

7 

9-7 

51-60 

1 

1-3 


Buchanan (loc. cit.), McCombie Young {loc. cit.) and Shah (loc. cit.) all observed that 
the majority of cases were in the age groups 11-20 and 21-30. This agrees with the observed 
age incidence in the present investigation. 

Season . — ^Table IV gives the number of cases and the percentage of cases occurring 
in different months ; — 


Table IV. 


Month of onset. 

Number of 
cases. 

Percentage. 

January 

2 

2-9 

February ^ 

1 

1-5 


March 

April 

May 


June 


July 


August ... 

... 


11 

16-9 

September 

... 

... 

23 

33-9 

October 


... 

22 

31-8 

November 


... 

9 

13-0 

December 


... 

1 

1-5 


Total 


69 
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Tlie iibo\'c figiu'es show iliai luost ol ilie cases uccurred in iLe jnontljs of August. 
September and October, tbe bigbest number being in tbe month of September, Sbab (he. 
cit.) recorded that most of bis cases occurred in August and McCombie Young (he. cii.) 
observed a peak in October. It is during or just-after tbe rainy season that tbe paralysis of 
lathjT'ism tends to appear. 

Sex incidence . — Tlie ]iercentage of cases occurring i)i tbe poprilation- of two villages and 
tbe sex incidence are shown in Table V : — 


Table Y. 



Total 

population. 




Number of 


Name of village, , 


Fex. 

, Number of 
persons. 

persons sufier- 
ing from 

Percentage. 





latbyrism. 





M 

513 

37 

7-2 

Birpur 


{ 

V 

427 

5 

IT 



1 



23 

10-3 

Umaithoh 

•cor 

F 

207 

-1 

1-0 


Tbe above shows that males suffer more than females. Out of tbe 69 persons suffering 
from tbe disease in these villages, only 9 were females. This is in conformity with the findings 
of tbe earlier workers previously'referred to. 


Economic statiis . — The victims of latbyrism belonged to tbe poorest section of the 
community, usually labourers in villages owning no land. Out of tbe 7S persons afllicted 
whose history was taken only 4 were cultivators owning some small parcel of land, and there 
was one ^ Bania ’ (grocer). The others were all labourers. ‘ Cbamars ’ (shoe-makers) con- 
tributed tbe largest number of victims. 


Incidence of signs of diet-deficicncg diseases . — ^All tbe cases were examined for clinical 
signs of dietary-deficiency diseases. None showed angular stomatitis. There were 3 cases 
of pbrynoderma among tbe 73 cases. A history of nigbt-bbndness was given by 2 cases. 
Tbe general impression was gained that tbe affected persons were not badly nourished. 


Clinical findings, (a) Onset .- — In all tbe patients examined, no premonitory symptoms 
such as an attack of nausea, vomiting after meals, or diarrhoea, were complained or. 
McCarrison (1926) noted that constipation tended to occm in bis cases, but this was not a 
prominent feature in tbe present series. Of tbe 73 persons^examined, only 10 gave a Instory 
of mild or severe constipation. Inquiries revealed that 15 cases suffered, previous to tbe on- 
set of tbe disease, from fever which was most probably malaria. 

In 33 patients tbe onset of tbe disease was sudden. Some gave a history of sleeping 
normally and awakening with stiffness of the muscles and partial loss of control of the lower 
limbs. Others fell down while working (ploughing, etc.), and found themselves unable to get 
up and walk back to their bouses. In the remaining 40 cases tbe onset of tbe disease was 
slower. In one case tbe patient did not know that be was a sufferer until others 
pointed it out to him after seeing him walking with bent knees. A few days later 
be found himself paralysed. In cases in which tbe onset was slow the patients first suffered 
from backache and stiffness of tbe lower extremities with some difficulty m dorsifiexuon of the 
knees Severer signs and symptoms followed slowly. Some patients reported that in the 
early stages contraction of the muscles of tbe calves bad occurred. A lump would tern in 
the moriSng when the patient was getting out of bed._ These ‘ lumps ’ of contracted muscles 
would prevent tbe straightening of tbe lower extremities. The patients would massage be e 
Tt and for the rest of tbe dly could walk without much difficulty. Then slowly severer 

symptoms would set in^ 
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{h) Gait.~Jn mild cases there -n-as only a little heEding of the hrees ard jatlents felt 
difficulty ouly on running or on going do-nnhill. -Tn more seTeie cases the jatients 'walhed 
with bent knees, the knees being approximated and the feet more widely separated than 
normal. In this stage the heels leave the ground earlier than the toes and there is some 
swaying of the hips. In more advanced cases the ‘ scissors ’ gait (crossing of the legs on 
walking) developed, with a tendency on the part of the patient to walk on the toes and 
swaying of the hips was more marked. Such patients required the use of one or two sticks, 
according to the severity of the paralysis. Very severely affected patients were reduced to 
crawling in a sitting position. In aU the above stages instability was increased by running, 
jumping, crossing a small drain, going down a hill, etc. There was a frequent tendency on 
the part of patients to fall down. 

(c) Musculature. — There was no marked change in the appearance of the muscles of the 
lower extremities. Muscular tone was, in most cases, in excess of normal. Spasm of the 
calf and thigh muscles occurred on slight exertion or in the absence of exertion in some cases. 
ISTo case complained of any weakness in the upper extremities. 

(d) Reflexes. — In 63 cases the epigastric and abdominal reflexes were exaggerated. The 
plantar reflex was extensor in type in those in which it could be elicited. The knee-jerks 
were exaggerated in all cases. Ankle-clonus was present in 62 cases. The sphincters of 
the rectum and the bladder were unaffected. ■ 

(e) Sensation was normal in all cases. There was no change in the functioning of the 
cranial nerves. Speech, sight, smell, hearing, etc., were normal. Mental symptoms and 
psychological disturbances were not observed. 

It is apparent that the paralysis of lathyrism is an upper motor neuron lesion. Presum- 
ably the pyramidal tracts are involved, hvo post-mortem histological examination of the 
spinal cord in cases of lathyrism appears to be on record in the literature. 

.^TionoGy. 

Villagers in the area affected by the outbreak and the \dctims of the disease have no 
doubt that the paralysis is caused by consuming lathyrus seeds in large quantities for several 
months. This is the traditional view of the cause of the disease : hence, in fact, its name. 
The observations of Sleeman have already been quoted. A number of those who have studied 
the disease in India (Buchanan, loc. cit. •; McCarrison, 1928 : McCombie Young, loc. cit., and 
others) have adopted the traditional standpoint. .Anderson, Howard and Simonsen (1925) 
and Shah {loc. cit.), however, consider that another pulse, Vida sativa, may be the cause of 
the disease. 

The feeding of Lathyrus sativus or Vida saliva to' rats by McCarrison (1928) and to ponies 
by Stott {loc. cit.) did not result in the production of lathyrism or of any lesions of the 
nervous system. 

During the present investigation it was found that those who developed lathyrism had 
usually consumed Lathyrus sativus in large quantities for six months or more. It was 
impossible to obtain exact information about the proportion of Lathyrus sativus in their diet. 
It appears, however, that it formed the great bulk of the diet. The victims of the disease 
were mostly labourers, and were paid in land. They ate what they could get, and this was 
mainly lathyrus seeds. It was said by the ^ollagers that those who mixed Lathyrus sativus 
grains with equal amounts of wheat did not contract lathyrism. 

Anderson el ah (Joe. dt.) stated that samples of ‘ khesari dhal ’ or lathj'ms obtained from 
localities^ in India in w'hich outbreaks of lathyrism had occurred were contaminated with the 
vetch Vida sativa, popularly known as ‘ akta ’. They reported that ‘ akta was poisonous to 
ducks and moiffieys whereas lathyrus was not. The toxic signs produced in these species bv 
the feeding of diets contaming ‘ akta did not, however, closely resemble human lathvrism In 
the present mquiry the question whether the lathyrus seeds which were being consumed in the 
affected district were contaminated with ‘akta’ was investigated. A pure sample of Vida 
was obtained from Dr. B. P. Pal of the Imperial Agricultural Eesearch Institute Kew 
Uelhi. and was shown to stockusts in villages and towns, and to intelligent cultivators 
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in various villages. In not a single ease did they recognize the Yicia saliva seeds and all were 
sure that such seeds were not to be found in Laihyrus sativus stocks. About 50 samples oi 
Lathy r us sativus were collected from various families and in various villages. Sonic of those 
were from stocks actually consumed by people who developed lathyrism. Careful examination 
of these samples in the Imperial Agricultural Eesearch Institute, New Delhi, failed to reveal 
the presence of Vida saliva seeds. 

At three places about 200 lb. of Laihyrus sativus were sifted through a sieve with a mesh 
smaller than normal Laihyrus sativus grain. A search was made in the sieved material for 
‘ akta ' seeds, which are smaller than lathyrus seeds. No ‘ akta ’ could, however, be sieved 
out in this way. 

It was thought that ‘ akta ’ seeds, being lighter and smaller than Laihyrus sativus seeds, 
might be sej)arated with the chafi in the process of winnowing. A sample was taken from the 
latest crop in the field which was ready for separation. The husk was carefully removed. 
The resultant seeds were examined for ‘ akta ’ seeds but none could be found. This shows 
that Lathyrus sativus stocks were not contaminated with Vida saliva. i 

Mellanby (1934) has put forward the theory that ‘ lathyrism is due to an active neuro- 
toxin in the food whose detrimental efiects can be prevented by protective foods containing 
vitamin A and carotene, such as milk, eggs and green vegetables, even when much of the 
toxic agent in the lath 3 T:us peas is consumed. It may therefore be classed among the 
deficiency diseases ’. McCombie Young {loc. dt.) was also of the opinion that vitamin A 
deficiency wms concerned in causation. Lesions of the nervous system have, however, been 
more frequentty observed in experimental animals as a result of deficiency of various members 
of the vitamin Bg group than as a result of deficiency of vitamin A. The present investiga- 
tion has not thrown any further light on the problem whether lack of vitamins is associated 
with a toxic factor in producing the paralysis. Lathyrism is a famine disease and the 
circumstances which lead to an increased intake of lath}'rus will at the same time lead to a 
decreased intake of other foods, including protective foods. None of the facts revealed 
is incompatible with Mellanby’s hypothesis, but in view of the low incidence of vitamin 
deficiency states in the affected area, the author is of the opinion that lathyrism should he 
regarded as a disease due to a toxin of unknown nature rather than as a deficiency disease. 
Until, however, lathyrism has been satisfactorily reproduced in experimental animals, the 
question as to what part vitamin deficiency may play in causation cannot be finally 
answered. 

The higher incidence of the disease amongst men than women can probably he explained 
by the greater intake of lathyrus on the part of the former. During the rainy season and just 
after, agricultural labourers work hard at ploughing and other agricultural operations. Their 
calorie requirements are correspondingly increased and when only lathyrus is available to 
fulfil these they eat it in large quantities. 


Tbeatment anp pbevention. 


As far as at present known, the nervous lesions are permanent and the disease incurable. 
No social study has been made of the fate of the victims of lathyrism ; many no doubt remain 
in their villages and contribute to the work of the village as far as their crippled state permits ;. 
others swell the ranks of beggars in cities. It has been stated that many of the paralysed 
beggars who obstruct the pavements of Calcutta and other large cities are victims oi 
lathyrism. 


Prevention is a social, economic, administrative and agricultural problem. L^hyrus 
seeds can apparently be safely consumed in small quantities, but when they form the bulk o 
the diet the disease makes its appearance. The circumstances in which this tends to 
have been described in this paper. Satisfactory preventive measures include encouraging ^ e 
•nroduction of suitable alternative crops to lathyrus, the improvement of the economic s a us 
nf afrricultural labourers, and the importation of other foods such as wheat into endemic 
whefan outbreak threatens. A watch shtmld be kept by public health authorities for the 
appearance of the disease in such areas in Central India and elsewhere in the cou 
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Procuiement operations to supply wheat to towns under rationing schemes should not he 
allowed to deprive rural areas, in which lathyrus is a stand-bj^, of excessive amounts 
of wheat. 

Summary. 

1. An outbreak of lathyrism in Central India has been investigated. This was 
associated with the consumption of Lathyrus salivas in large quantities for a period of six 
months or more. Some 1,200 cases occurred in the district. Of these, 150 were seen, and full 
notes of 73 cases were taken. 

2. Villagers in the area in question and patients who contracted the disease realized that 
it was due to the consumption of this pulse. They also realized that it is not an infectious 
disease and understood its association with poverty. 

3. The chief sufferers from lathyrism were young adult males belonging to the poorest 
classes. September and October were the months of greatest prevalence. 

4. Clinically the disease manifests itself as a spastic paralysis of the lower limbs. The 
spnincters of the bladder and the rectum are not affected. No mental or sensory disturbances 
were observed. 

6. No Yicia saliva seeds were found in the stocks of lathyrus seeds consumed in the 
villages in which the outbreak occurred. The investigation points to the existence in Lathyrus 
salivas of a toxin affecting the pyramidal tracts. 

6. Preventive measures are discussed. 
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Bijapur niSTRiCT is situated at the southern end o{ the Bombay Presidency and adjoins 
Hyderabad State. It is served by both the monsoons, but in fact gets only the tail-end of 
both, uith the result that rainfall in the district is extremely irregidar both in amount 
and distribution. The average annual rainfall is 21 inches. The whole district is liable 
to famine. 


Crops and diet., 

The staple diet of the people is ‘jowar’ (Sorghum vulgare), but ‘bajri’ (Penniselum 
typlioideuw) is also consumed to some extent, particularly in the cold season. Bice is 
consumed in negligible quantities and its use is mainly confined to town people. '\^Tieat is 
also consumed in small amounts in villages, mostly on reh'gious occasions. 

‘ Jowar ’ and ‘ liajri ’ are the main food crops grown in the district. Other major ' 
commercial crops are ground-nut and linseed. The population of the district according to the 
1941' Census was 975,982, which, by the end of 1943, the period in which this sm-vey was 
carried out, may have reached a little over a million. The area under food crops exceeds 
2‘4 million acres and hence the cultivated area under such crops works out to nearly 2-5 
acres per capita. 


Famine conditions and reuep measures. 


Hot infrequently the rains fail and famine follows. This occurred in 1942. when early 
rains were sparse, while late September rains, which are essential both for Marif as also for 
rabbi (winter) crops, failed completely with the result that kharif crop withered away and the 
rabbi crop did not grow. From the beginning of the year 1943. famine conditions prevailed in 
the whole district. ^ 


Slmrtage of cereals began to be exqierienced from the early part of 1943 and imports were 
made from neighbouring surplus districts. The avafiable foodstuffs were equitablv rationed 
among the people. About 100,000 people left the district in the early part of the veir to 
other more affluent adpimng areas for work. Extensive reUef measures were started in the 
district Itself ; more than 10^00 people were employed on famine works, such as the- 
construction of tanks roads, bundiug works, etc. Seventv thousand people uho were luiable 
to work were given doles, whde 18,000 persons, mainly women and childrin. w^re fed aT w 
latchens opened by charitable coimnittees. ' 


pe mouths of June, July August and September were trying ones. Diu-in-r the^c 
months green vegetables were not avaffable, and milic and milk products were verytearc; 
Ihe diet of the village people consisted only of rationed cereals, iupplemented oS oSv 
with a smaU quantity of pulses and a Httle red chillies, onion or^ garlic beL^ useLs a 
condiment. However, durmg 1943, there-. were verv good earlv rains and fho ! n 
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mgration. There was an increase in the infant mortality rate. The crtiae general death rate 
sliowea a slight decrease but in this connection the large numbers emigrating must betaken 
into consideption. There was a slight increase in the deaths among children of the age 
groups 1 to 5 and 6 to 10. The mortality from cholera and smallpox showed a slight increase 
over that for the previous year, but these diseases were kept under control by appropriate 
rnsH-SiiT6S. 

Table I. 


Vital statistics in Bijapur district. 



1 2, 3 4 5 6 7 8 9 10 11 12 13 14 


1940 

V 

' 37,549 
(«) 

43-19 

27,571 

(h) 

31-72 

5,478 

(c) 

144-8 

5,632 

1,706 

5,289 

77 

/l,274 

761 

3,160 

6 

56 

2,434 

1 

1941 ... j 

40,162 

(«) 

41-16 

27,426 

(6) 

28-10 

5,360 

(c) 

133-2 

6,249 

1,609 

5,325 

97 

1,870 

896 

3,216 

1,276 

63 

957 

1942 

' 37,192 
(«) 

^ 30'13 

25,229 

(6) 

25-85 

5,323 

(c) 

130-3 

5,924 

1,655 

4,926 

27 

1,817 

827 

2,943 

1,167 

137 

16 

1943 

’ 32,763 
(a) 
33-62 

24,929 

(h) 

24-8 

4,866 

(c) 

143-4 

6,129 

1,717 

3,057 

44 

1,325 

768 

2,878 

1,332 

363 

1 

January to .July 
1944. 

18,605 

13,007 

2,421 

3,081 

900 

2,960 

13 

516 

421^ 

1,850 

2 

62 

... 


On the v/hole the vital statistics show that violent ill effects were not produced by tie 
famine ; this reflects to some extent the beneficial 'effects of the extensive relief measures and 
the preventive anti-epidemic measures organized in the district. 


Dietary survey. 

A dietary survey of 42 families in 4 different villages in 3 talukas was carried out during 
the month of December 1943. By this time the new bumper Miarif crop was already m 
consumption families were divided into 4 groups according to their annual income and 
occupation and according to whether they were vegetarian or non-vegetanan ^ 

Group I •• Consisted of poor families of daily labourers on fields who are usually 
paid in kind. Annual income below Es. 100. 

flROUP II : Consisted of small agriculturists engaged in casual labour. It also 
included those who cultivated land on a rental basis and village 
artisans. Annual income above Es. 100 but below Es. 300, 
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Group III : Consisted of landowners depending on their own land. It also in- 
cluded village teachers, small traders, etc. Annual income above 
Rs. 300 but below Rs. 500. 

Group IV : Consisted of big landowners, big village merchants, etc., with incomes / 
above Rs. 500 but below Rs. 2,000. 

The dietary survey was carried out for 10 days in each village. The average intake of 
various foodstuffs on the part of families per consumption unit (C. U.) per day for the 
different income groups is given in Table II ; — 


Table II. 

Average intalce of various foods in ounces per consumption unit per day hy income 
groups in 42 families surveyed in Bijapur district in December 1943. 





Veoetabian. 


N on-vegetabian. 


r-~ 

I 

n 

III 

IV 

I 

II 

Number of families ; — 

7 

17 

4 

3 

5 

6 

1 . 

Total cereals ... 

19'7 

28-8 

27-8 

23-36 

24-2 

26-0 

2. 

‘Bajri’ 

10'55 

16-6 

17-6 

13-81 

18-06 

6-16 

3. 

‘Jowar’ 

8-94 

10-6 

7’0 

4-1 

11-46 

14-60 

4. 

Rice 

0-02 

0-18 

1-08 

1-2 

Nil 

Nil 

6. 

Wheat 

0-36 

1-3 

2T 

3-86 

Nil 

Nil 

6. 

Navani (Italian millet) 

0-7 

Nil 

Nil 

0-2 

Nil 

Nil 

7. 

Pulses 

/ 

0-79 

1-28 

1-81 

1-4 

0-50 

1-33 

8. 

Green leafy vegetables 

1-5 

0-81 

1-29 

2-89 

2-1 

1-36 

9. 

Non-leafy vegetables 

1-32 

1T6 

2-35 

1-43 

0-72 

2-4 

10. 

Ground-nut ... 

2-78 

Nil 

0-23 

Nil 

0-26 

Nil 

11. 

Milk and milk products ... 

0-3 

107 

2-88 

3-7 

0-17 

0-85 

12. 

Butter 

0-01 

006 

0-23 

0-3 

Nil 

0-06 

13. 

Vegetable oil ... 

0-53 

0-2 

0-38 

0-99 

0-2 

0-19 

14. 

Sugar and jaggery 

0-35 

0-74 

0-64 

1-03 

0-24 

Nil 

15. 

Condiments : green and red 
chillies. 

1-29 

1-3 

0-78 

2-11 

1-8 

2-2 

16. 

Meat 

Nil 

Nil 

Nil 

Nil 

1-78 

1-08 

17. 

Pish 

Nil 

Nil 

Nil 

Nil 

0-1 

0-2 
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families. Thus, 38 per cent of families had less than 1,000 I. U. of vitamin A ner C TT 
(vide Table II-6). jj x v. u. 

village family members surveyed were examined for deficiency diseases 
with the following result (Table III) : — 


Table III. 

Deficiency disease noted. 


Number of 
persons Xerosis, 

examined. 

Bitot’s 

spots. 

Night 

blindness. 

Phrynoderma. 

Bleeding 

gums. 

Angular 

stom’ati- 

tis. 

Rickets. 

59 

21 

9 

1 

6 

3 

Nil 

1 


(36*6 per cent) 

(15’2 per cent) 

(I'O per cent) 

(8‘4 per cent) 

(6 per cent) 

... 

(J'6 percent) 


Vitamin A deficiency appeared to be common in the families examined. Some degree 
of vitamin C deficiency was noticed, as also a case of rickets. 


Incidence of deficiency diseases in school children. 

In all 6,131 children were examined in schools in different talukas in the district for 
nutritional deficiencies. They were classified in the same income groups as was done above, 
the criterion being the income of the families to which they belong. Table IV gives the 
incidence of deficiency diseases among children by income groups. 


Table IV. 


Percentage incidence of deficiency diseases in school children by income groups in 

Bijapur district. 


Group. 

Number of 
children 
examined. 

Xerosis. 

Bitot’s 

spots. 

. Angular 
stomatitis. 

Bleeding 

gums. 

Phrynoderma. 

I 

2,485 

41-1 

5-3 

1-0 

4*9 

7*3 

II 

1,676 

31-8 

4-7 

0*9 

4-6 

4*6 

III 

686 

26-6 

2-9 

1-0 

2*9 

2*7 

IV 

384 

21*3 

3-8 

1-6 

3*1 

1*6 

Totals ... 

5,131 

36’7 

4*8 

1*1 

4*7 

6*4 


It will be seen that vitamin A deficiency as indicated by xerosis and Bitot s spots 
hiahlv nrevalent in all the groups. This was far above the normal if figures revealing m e 
Lfvev in aradioining area in Hy^rabad (Deccan) State are taken for purpose of 
(DavJr and Alunad, 1942). The incidence of vitamin C deficiency, as indicated by g 
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aulus, was also mucli above the normal. Due to severe famine conditions prevailing, very 
fittle ’green vegetables were available during the year. Similarly, milk and milk products 
were also very scarce. 

However, cases of softening of cornea and phthisis bulbi indicating gross effect of vitamin 
A deficiencv were rarely seen. Cases of gross scurvy were also few. No cases of nutritional 
oedema, beri-beri or pellagra were seen. This may be due to the fact that the staple diet 
of the ’people is ^vhoUy millets and not rice. Angular stomatitis was present to a slight 
extent. Sore-mouth was not observed, and children showing angular stomatitis had no 
other mouth lesion in most cases. A similar observation was reported by Wilson and 
Widdowson (1942) in wheat and miUet-growing areas. Cases of infantile rickets were seen 
both during the years 1942 and 1943, during the routine vaccination inspection of children at 
some villages. It seems that rickets is not uncommon in this district, though the incidence 
may not be high. 

' Table IV indicates that deficiencies among school children were on the whole higher in 
lower income groups. In fact it was 50 per cent greater in the lowest income group (I) over 
that in the highest income group (IV). 


Table IV-a. 

Statement of some important diseases treated at the hospitals and 
dispensaries in Bijapur district. 


Total number of patients treated for 


— ^ 

1941. 1942. 1943. 


1. 

All diseases ... 

136,859 

121,514 

143,198 

2 . 

Malaria 

18,125 

13,449 

17,957 

3. 

Diarrhcea 

2,917 

2,928 

3,016 

4. 

Typhoid (enteric feyer) ... 

205 

27 

362 

5. 

Dysentery (amcebic and bacillary) 

2,351 

2,931 

3,403 

6. 

Pneumonia 

403 

430 ’ 

416 

7. 

Influenza 

2,705 

2,705 

3,631 

8. 

Tuberculosis ... 

361 

294 

233 

9. 

Eiokets 

18C 

194 

144 

10. 

Scurvy 

20 

11 

26 

11. 

Beri-beri 

1 

3 


12. 

Xerophthalmia 

1 

4 

2 

13. 

Epidemic dropsy 


1 



Table Vs -a gives the iiumber of persons treated for various diseases, including deficiencv 
disease, at the taluka dispensaries in the district during the years 1941, 1942 and 1943 
The incidence of ricke^ in this district is different from that observed for the adioininc 

TOdSn‘°(L“““l.° ^ ‘o 1= br Wilaon and 
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All the chiUlreii seen [or nuiritioual deliciencies were also examined clinically Jor assess- 
ment of the state of nutrition. Their height in inches and weight in pounds were also noted 
for different age groups. The means of 3,298 of these are given in Table V. The average of 
height and weight appear to be similar to those of under-nourished children of the poorer 
classes elsewhere in India. 

The results of clinical examination are given in Table V-o. Clinical examination was 
carried out on the lines suggested in the circular of the Board of Education, England (1937). 

Taulu Y. 


Averarje height awl tceight of chihhoi i)) Bijajmr dislricl. 


Age 

Ifumbor of 

^];^^mbcl■ of 

AVERA-OE height 
(inches). 

Average weight 
(LB.). 

(years). 

1)oy.‘?. 

"irl''. 

llo\'.. 

(litK. 

Boys. 


Oirls. 

5 

3(i 

2!) 

37-7 

30-5 

30-2 


32-3 

a 

217 

170 

H-l 

41-5 

37-2 


36-8 

7 

220 

251 

42--I 

42-5 

39-9 _ 


40-1 

8 

310 

240 

44-.S 

14-C) 

43-70 


42-7 

0 

231 

ICO 

4(i-l 

4l)-] 

4C-9 


45-2 

10 

303 

127 

48-05 

48-07 

50-8 


50-7 

11 

203 

TA 

.-.o-c 

50-0 

54-04 


64-8 ■ 

]2 

243 

04 

53-2 

51-7 

59-9 


59-8 

13 

203 

30 

54-2 

53-5 

C4-1 


64-6 

34 

150 

• * * 

50-6 


71-6 


... 


Table Y-a. 


Results of a clinical examination of 5,131 children 
in Bijaqmr district during the end of the 
famine year 1943. 


Excellent, 
per cent. 

Good, 
per cent. 

Slightly 
.sub-normal, 
per cent. 

Bad, 
per cent. 

0-21 

37-92 

53-22 

8-C4 


Summary. . 

, A .jietaty survey of 42 families fa different, facome groups carried out dunug tte 

end of famine year 1943. 
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2. Tlie average calorie intake vras sufficient in all income groups but some 33 per cent 
of families in tbe lower income groups consumed below 2.600 calories. Diets were deficient 
as regards animal protein, animal fat and calcium in all groups, ^ntamins A and C intake was 
also deficient in a number of families. 

3. Tbe quality of diet showed improvement with the increase in income, 

4. Children belonging to different income groups, 5,131 in number, were examined for 
deficiency diseases and state of nutrition. The effects of famine conditions were reflected in 
a lowered state of nutrition of children, in an abnormally high prevalence of vitamin A 
deficiency, and to a lesser extent in the prevalence of vitamin C deficiency. There was also 
an increased death rate among infants and children between 1 and 10. 

N 
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[Beceived for publication, April 19, 1946.] 

Kidney function tests are based on a measurement of the capacity of the kidney to clear 
waste products of metabolism, such as urea, creatine, etc., from the blood in a given time.' 
Analysis of either blood alone or urine alone would give only one side of the picture, hlore 
complete information is obtained by comparing blood and urine composition simultaneously . 
Such tests are classified as ‘ Clearance Tests The advantages and disadvantages of such tests 
have been discussed in detail by Herrin (1941) and Beaumont and Dodds (1944). One such 
test widety used in the clinical laboratory' is the ‘ Blood Urea Clearance Test ’ of IMoller, 
McIntosh and van Slyke (1929). This test has been stated to yield results bearing fairly close 
correspondence with the clinical findings in patients. Bor the sake of comparison, the authors 
mad^ 120 standard clearance determinations on 18 normal subjects and 168 maximum 
clearances on 20 normal subjects. The standard for normal clearance was based on these 
observations in American subjects. The average values given by them were 64 c.c. for 
standard clearance (Cs) and 76 c.c. for maximum clearance (Cm), for a mean body-surface 
area of 1'73 square metres. Since the publication of these results the standards suggested 
by these authors have been adopted for assessing the urea clearance in health and disease in 
other countries. 

During the urea clearance investigations on patients, Gokhale (1941) working at the 
Hafikine Institute, Bombay, found that the values for urea clearance were very low' as 
compared to the standards set by ]\l6ller el al. (loc. ciu), although there were no clinical^ 
symptoms of kidney dysfunction. On account of such discrepancies in correlating the urea 
clearance values obtained in Indian patients with the clinical findings, he undertook a study of 
urea clearance in normal Indians. He investigated 110 subjects in Bombay and found that 
the average urea clearance either maximum or standard in normal Indians was only' 60 
per cent of the American standard. According to his findings, the average standard clearance 
is 31 '5 C.C., and the maximum clearance is 40’01 c.c. without correction for the body -surface 
area ; and 33-8 c.c. and 44 '0 c.c. respectively after correction for the body-surface area of 
1'73 square metres. 

This investigation was followed immediately by that of Srikantia and Shamanna (1944) 
in Mysore. They studied 57 Mysoreans and their figures for the average standard clearance 
were 35-95, and for the maximum clearance 46-83 c.c., without the correction for the body- 
surface area ; and 39-36 c.c. and 52-26 c.c. respectively' after the necessary correction assuming 
the body-surface area to be 1-73 square metres. 

It is a routine procedure in a hospital to scrutinize the clinical data on patients from time 
to time. At the Tata ilemorial Hospital, besides the routine clinical investigations, urea 
clearance test is carried out in patients, for assessing their kidney function, before they are 
submitted to any major operative procedure. During the analysis of the data on urea 
clearance, it was found that here also the values were far below the* standards of Moller et al. 
(loo. cit.) although no clinical symptoms of kidney dysfunction were observed in the patients. 
In the light of the findings of Gokhale (loc. cit.) and of Srikantia and Shamanna (loc. cit ) 
it was, therefore, considered worth while to report the data from this hospital. ' ’ 

Method. 

, technique followed for the blood urga clearance test was the same as that described 

by Moller et al. {loc. at.). The non-protein nitrogen content of serum and urea nitrogen 

* This study was carried out under the direction of Dr. V. K. Khanolkar ~ 
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of blood were estimated hj the. method of nesslerization (Folin, 1934). The vahie for 
obtained by multiplying the value for the urea nitrogen by the factor 
2*14. The urinary urea was directly determined by the hypobromite method (Hawk and 
Bergeim, 1938). The results are shown in Table I :~ 

Table I. 

Serum non-protein nitrogen and, blood urea clearance in patients, 

(Standard urea clearance.) 


Serial 

No, 

Age. 

Sex. 

Non-protein 
nitrogen, 
mg., per cent. 

Blood urea 
clearance, 
c.c. 

Nature of the pathological condition. 

1 

60 

M 

28-1 

45-13 

Benign hypertrophy of prostate. 

2 

66- 

F 

19‘6 

27-00 

Carcinoma corpus uterus. ^ 

3 

60 

F 

18-0 

39-40 


vagina and vulva. 

4 

40 

M 

20-4 

38-80 


penis. 

5 

55 

M 

20-0 

38-10 


extrinsic larynx. 

h 

67 

M 

16-8 

19-70 

»> 

tongue. 

7 

45 

M 

22-6 

46-80 

»> 

mid. 1/3 oesophagus. 

8 

65 

M 

24'3 

36-60* 

>> 

stomach. 

9 

64 

M 

26-0 

39-20 


prostate. 

10 

46 

M 

20-0 

31-80 


ascending colon. 

11 

50 

M 

18*7 

42-60 

ft 

bladder. 

12 

68 

M 

21*4 

30-90* 

%t 

lower end oesophagus. 

13 

46 

F 

22*5 

41-60 

Multiple polyposis of rectum and colon. 

14 

46 

M 

23-7 

19-70* 

Healed chronic duodenal ulcer. 

IS 

70 

F 

18-0 

24-30 

Carcinoma right breast. 

16 

62 

F 

21*4 

16-60t 

tf 

bladder. 

17 

57 

F 

' 19-6 

33-20 

Chronic inflammatory mass right breast. 

18. 

30 

F 

30-0 

' 27'70t 

T. B, 

cervix. 

19 

46 

F 

17-1 

. 39-40 

Carcinoma lower end oesophagus. 

20. 

63 

M 

23-7' 

48-00 

It 

stomach. 

21 

60 . 

M 

19t6 

31-80 

If 

ff 

22 

65 

F 

32*1 

30-20 

it 

left breast. 

23 

52 

M 

23*7 

42-60 


stomach. " 


* The patients who expired after operation. 

ttlVea co'noeatration was done in these patients and it was within normal limits. 

( 260 ) 



Table I — coiicld. 


Serial 

No. 

Age. 

Sex. 

Non-protein 
nitrogen, 
mg., per cent. 

Blood nrea 
clearance, 

c.c. 

Nature of the pathological condition. 

24 ' 

50 

M ■ 

19-6 

49-80 

Carcinoma transverse colon. 

25 

46 

M 

30-0 

49-00 

„ stomach pyloric end. 

26 

oO 

M 

23-0 

28-90 

„ urinary bladder. 

27 

52 

N 

24-3 

22-00* 

„ right breast. 

28 

47 

M 

21-4 

27-50 

Leukaemia. 

29 

45 

M 

25-0 

51-30 

Carcinoma rectum. 

Mean 

52 

... 

22-4 

35-16 


Maximum 

70 

... 

32-1 

51-30 


Minimum ... 

30 

... 

15-8 

16-60 





Maximum clearance. 

1 

44 

M 

22-5 

40-00 

Healed chronic duodenal ulcer. 

2 

54 

M 

20-9 

33-10 

Carcinoma stomach. 

3 

67 

M 

22-5 

66-80 

„ intrinsic larynx. 


* Urea concentration was done in these patients and it was within normal limits. 


Discussion. 

The total number of cases is 32 out of which 29 had standard clearance and 3 had 
maximum clearance. These patients were admitted to the hospital with a probable diagnosis 
of a malignant disease in one of the internal viscera. The final diagnosis is given in the last 
column of Table I. None of these 32 patients had a kidney tumour. Their ages ranged 
from 30 to 70 years, the average being 52 years. These patients did not belong to any 
particular province but came from different parts of India. They were accustomed to a 
mixed diet, with smaller amount of meat as compared to the Europeans. 

Blood urea dearauce. 

The values of standard clearance as given in Table I range from 16 "60 c.c. to 51-30 c.c. 
with an average of 35-16 c.c. There were only three cases of maximum clearance, so no 
attempt has been made to find out the mean of their values. The figures for urea clearance 
when evaluated on the basis of standards given by Moller el al. {loc. cit.) suggest an impairment 
of renal function in the majority of the cases. There were no extra-renal causes such as 
vomiting, diarrhoea, etc., that would have affected the values of urea clearance in these 
patients. The non-protein nitrogen content of serum in these cases was also within nonnal 
limits. They did not show any other clinical symptoms of kidney dysfunction. All the 
patients made uneventful recoveries after major operative procedures, -with the exception of 
three cases who expired after operation. It was, therefore, difficult to correlate these fieuies 
with the clinical findings. . , _ . ^ 
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One other obvious reason for low urea clearance might have been the age of these 
patients. The majority of the patients were between 45 and 60 years. Even after the 
application of an age correction factor, TJC = 136 '6 — 0 ‘91 2 X A where tJC == urea clearance in 
per cent of normal clearance value and A=age in years (Lewis and Alving, 1938), no 
correlation seemed to exist between the physical condition of the patients, the functional 
capacity of their kidneys, and the urea clearance values that were obtained. It was, however, 
found that if instead of evaluating the clearance on the basis of the American standaid, 
the values suggested by Gokhale {loc. cit.) and by Srikantia and Shamanna (foe. cit.) 
were to be adopted, all these patients could be included in the category of persons within 
the range of normal urea clearance (Table II) : — 


Table II. 


Com'panson of standard clearance values without the correction 
for the body-surface area. 



America. 

Bombay. 

Mysore. 

Tata Memorial 
Hospital. 

Mean 

... 54'5 

31-50 

35-95 

35-16 

Maximum 

08-3 

43-()2 

51'64 

51-30 

Minimum 

40-1 

17-02 

25-34 

16-60 


The findings of Gokhale {loo. oil.) and of Srikantia and Shamanna (loc. cii.) have recently 
been commented upon in the NaWre (1945) and it is remarked that ‘ the figures of Gokhale 
and of Srikajitia and Shamanna suggest that the Indian kidney has only about two-thixds the 
efficiency of its American counterpart ; but Avhether this is true or not, it is obvious that a 
new and lower normal standard will have to be adopted for clinical work on Indians. Euither, 
the authors suggest that the lower clearance of Indians, with their blood urea almost equal to 
that in Americans but the urinary urea less in the former than in the latter, is related to the 
lower protein content of their diet ’. 

We are in essential agreement with the opinion expressed above and would recominejid 
the collection of further data from different parts of India to establish normal standards in 
Indians. 

Summary. 

1. A study of non-protein nitrogen content of serum and of blood urea clearance test 
in 32 patients has been presented. Most of these patients were admitted for malipant 
disease, though none of them had a kidney tumour or any clinical evidence of kidney 
dysfunction. 

2. The values for standard clearance ranged from 16‘60 c.c. to 53 ‘30 c.c. with an 
average of 35 T 6 c.c. 

3. These values appeared to indicate an impaired kidney function on the basis of 
standards suggested by MoIIer el al. {loc. cil.) for Americans, but normal function on the 
basis of standards for Indiana suggested by Gokhale {loc. cii.) and by Srikantia and Shamanna 
{loc. cit.). 

4. The implications of. these differences have been discussed and the need for collection 
of further data for normal standards in Indians has been advocated. 
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Though Indian hemp is no longer officially recognized in the British or the United States 
Pharmacopoeias, possibly because of the wide variations in potency exhibited by various 
brands of the substance either in the fresh state or after storage, interest continues to centre 
around this drug in India. It is not only used widely as an intoxicant all over India 
but medicinal preparations, either in the form of an extract or a tincture of hemp for internal 
or external use, are stUl in fair demand in hospitals and pharmacies. 

Earlier workers reported that the active ingredient of Indian hemp was not an alkaloid 
(Smith, 1846) but a resin (Wood, Spivey and Easterfield, 1896, 1899) with a boding point of 
265°C. and a chemical composition of C 18 H 24 O 2 (‘ crude cannabinol ’ of Cahn, 1930). Later 
workers (Cahn, 1933 ; Vyttenaere, 1938, 1940), however, thought that cannabis resin contained 

more than one constituent, one of which might be cannabinol, C 21 H 26 O 2 , [ ^ J == — 108°. 

Interest in the chemistry of hemp resin has been recently revived by Work, Bergel and Todd 
(1939), Jacob and Todd (1940), Eaagen-Smit et al. (1940), Adams, Hunt and Clark (1940), 
and Todd (1940). The present position of the knowledge in this field has been admirably 
reviewed by Todd (1943). 

The estimation of the narcotic potency of hemp drug is imj^ortant, particularly from the 
point of view of excise administration in India where the drug is permitted to be sold under 
Excise Department control. As the biological test suffers from certain limitations, several 
chemical and physical tests such as Beam’s test, Vanillin test, Polarimetric test, etc. (Bose 
and Mukerji, 1943) were devised to measure this activity. None of these has, however been 
found to be of any real value in measuring the potency of the hemp resins. 

A new colorimetric test has been suggested by Mukhopadhyaya et al. (1943). The test 
is based on the hypothesis that all the pharmacologically active constituents of hemp resin 
are alkali-soluble phenols and that cannabinol, one of the important members of this aroun 
is insoluble in dilute alkalis. Accordingly, the CCb extract of charas is treated with 0’5 per 
cent NaOH solution, and an aliquot part is coupled with diazo-para-nitraniline resulting in 
the formation of a solid dye. This is matched against the colour produced by a standard 
sample of charas which has been similar^ treated. The intensity of colour is claimed to run 
parallel with the change in the physiological potency of hemp as evidenced by the opinion of 
habitual smokers. In order to confirm these chemical findings, systematic pharmacological 
tests were undertaken in this Laboratory. The findings recorded in this paper repr^ent' 
experiences gained with samples either supplied by the Customs Control Laboratories or 
prepared in this Laboratory from samples secured from authentic sources. 

Experimental. 

1 . Method of extraction.— One gramme of charas was exhaustively extracted in a Soxhlet 
extractor with 75 c.c. of carbon tetrachloride. The extract was shaken with four comecutive 
portions of 20 c.c. of O’o per cent NaOH solution. The alkali extracts were mixed together 


* Now Professor. of Pharmacologv, Dow Jledicnl CoUege, Hvderabad (Sind) 
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and the volume made up to 100 c.c. with distilled water. This was acidified and extracted 
with petroleum-ether. The residue in every case was taken up with CCI4. 

In this way the following fractions were obtained ; — 

Fraction A = CCI 4 extract of charas. 

Fraction B = CCI 4 extract of the alkali-insoluble portion of charas. 

Fraction C = CC 14 extract of the aUjali-soluble portion of charas. 

Fraction D = Petrol-ether extract of the alkali-soluble portion of charas. . 

‘ Fraction E CCI 4 solution of the alkali-soluble but petrol-insoluble fraction 

of charas. 

A comparative biological evaluation of the narcotic properties of these fractions is given 
below. 

2, Laboratory details. — A modified form of Gayer’s (1928) test was employed on cats for 
the study of the narcotic properties of hemp resins. Animals within a certain range of weight 

Table I. ' 


Action of GCli or jielroleum-eOier extract of various fractions of charas resin in cat. 



Fhactioks ; A. 

B. 

0. 

D, 

E. 

Experiment 

No. 

Minimum 
effective 
dose, c.c,/kg. 

Minimum 
effective 
dose, c.c./kg. 

Tolerated or 
ineffective 
dose, c.c./kg. 

Tolerated or 
ineffective 
dose, c.c./kg. 

Tolerated or 
ineffective 
dose, c.c./kg. 

1 

0-5 

0*2 

1*0 

TO 


2 

1-5 

0*5 

1*0 

2*0 


3 

1-0 

0*7 

3*0 

3*0 


4 

1-0 

0*6 

1*6 

2*0 


5 

1-.5 

1*0 

2*5 

2*0 


6 

2-5 

1*5 

3*0 

2*5 


7 

3-0 

•2*0 

6*0 

5*0 


8 

0*7 

0-r, 

2*0 

2*6 


■ 9 

2*0 

1*0 

5*0 

4*0 


10 

0*6 

0*4 

2*0 

2*0 


11 

2*0 

1*0 

... 

3*0 

3*0 

12 

2*0 

0*5 

... 

3*0 

3*0 

13 

2*0 

1*0 

... 

3*0 

3*0 

14 

1*5 

0*7 

... 

3*5 

3*5 

15 

2*0 

1*5 

... 

4*0 

4*0 

16 

1*0 

0*6 

... 

5*0 

5*0 

■Mean 

1*6 

0*3 

2*6 

3*0 

3*6 
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(2 kg. to 3 kg.) -were kept under laboratory conditions for 4 days prior to tbe starting of tbe 
experiments and they ^vere fasted overnight before the drug was administered in the morning. 
‘ Sensitive ’ cats were picked out by preliminary trial treatments of a dosage of solid extract 
of Cannabis saliva or bv the CCU extract of whole charas. The drugs were given in a small 
volume of 0-5 c.c. to O'G c.c. of alcohol which per se did not have any effect on the animal. 
In case of CCU extracts, the solvent was evaporated off in vacuo because of the possible toxic 
effect of carbon tetrachloride, and the residue was taken up with alcohol and given through a 
Eyle’s stomach-tube. The minimum effective dose of whole charas was then worked out from 
every positive animal and comparative effects- of varying doses of other fractions were 
similarly estimated on the same animal on every third day. The maintenance of the mitial 
level of sensitiveness in every animal was checked from time to time by the interpolation of 
the initial effective-dose of whole charas. During experimentation, animals were kept in 
seclusion in a semi-dark room with a view to minimize all external stimuli capable of 
diminishing the degree of responses. The animals were obsemmd for a period of 4 to 5 
hours from the time of administration of the drug and a positive response could usually 
be elicited within 1| to 3 hours after the drug was given. Though over 50 cats were used 
for this study, only 16 cats were found to be ‘ sensitive ’ to the action of charas. Positive 
cannabis response was indicated by a brief period of excitement followed by dragging 
of hind limbs, inability to walk straight, tendency for circular movements, ataxia, 
rocking movements of the head, somnolence and even mild narcosis. • Though sluggish 
corneal reflex was elicited in most of the animals, deflnite corneal auEesthesia as 
reported by Gayer (he. cit.) was not observed in the test animals. The results are 
shown in Table I. 

It will be observed that the ‘ total extract ’ (fraction A) and the ‘ alkali-insoluble extract ’ 
(fraction B) of charas showed strong narcotic properties. The activity observed in the CCI4 
extract of the drug proves that the active principles of hemp are soluble in it. Tbe greater 
potency of the alkali-insoluble fraction indicates that some of the inactive constituents are 
eliminated by the alkali treatment of charas. Complete absence of all narcotic effects in 3 to 
4 times higher dosages of the petrol-ether or carbon-tetrachloride extracts of the alkali-soluble 
fraction proves beyond all doubt that the active principle or principles are not soluble in 
dilute KaOH solution. 

Our results, therefore, do not corroborate the findings recorded by Mukhopadhyaya et al. 
(loc. cit.) that the narcotic power of hemp drugs could be estimated by a colorimetric reaction. 
The alkali-soluble fraction, on which the ‘Mukhopadhyaya test’ is based, is apparently 
devoid of all biological activities. The alkali-insoluble fraction represents the pharmaco- 
logically active portion of the hemp resin. From what is already recorded in the published 
literature concerning the differential solubilities in' alkali of the various resinoid fractions of 
hemp, it may be presumed that the CCI4 solution of alkali-insoluble fraction shoidd centain 
cannabinol and some of its isomers. 

3. Action of homoteirahydrocannabinol . — Bose and Mukerji (loc. cit.) suggested on 
theoretical considerations that possibly ‘ cannabinol ’ might be the precursor of the true active 
ingredient in hemp, the phenol being broken down in the system to some other derivative 
possessing the etheuoid linkage but with more intense physiological activity. The synthesis 
by Adams et al. (loc. cit.) of some tetrahydrocannabinols possessing strong hemp activity appears 
to lend support to this supposition. In order to correlate, if possible, the action of one such 
compound with the action obtained wdth the alkali-insoluble fraction of charas, a sample of 
synthetic homotetrahydrocaunabinol (i.e., the analogue of tetrahydrocannabinol containing 
an n-hexyl chain) was procured from Prof. Todd of Manchester and its narcotic action care- 
fully studied on cats and rabbits and compared with the above results. Homotetrahydro- 
cannabinol was found to be insoluble in water and in dilute alkalis. It is soluble in alcohol 
and in carbon tetrachloride. An alcoholic solution was, therefore, made and the doses given 
in a small volume of O’u c.c to O'G c.c. intraperitoueally into every animal. For economy of 
product this route was preferred to the oral administration of the drug in which some loss of 
substance is inevitable. The sensitivity of the annuals was measured against a solid extract 
of cannabis, given orally in 0'5 c.c. to 6‘6 c.c. of alcohol. The comparative results are shown 
m Table II. 
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Table 11 . 

of Jwmotetrahydrocanmbinol mnpared to the solid extract of 
Cannabis sativa in cat and rabbit. 


CAT. 


RABBIT. 


Expenment 

No. 

(Series). 


Solid cannabis Homoteteahydeo- Solid cannabis Homoteteahydeo- 

EXTEAOT. OANNABINOL. EXTEACT. OANNABINOL. 


Positive response dose, mg./kg. 


1 

100 

15 

120 

20 


2 

SO 

15 

100 

20 


3 

70 

10 

130 

20 


4 

80 

15 

110 

25 


5 

90 

20 

100 

25 


Mean 

84 

15 

112 

22 



Homotetrahydrocannabinol is therefore physiologically active. Dose for dose, its activity 
is greater than that of the solid extract. The nature of action was found to be very similar 
to that obtained with the CCI4 extract or the alkali-insoluble, fraction of the hemp resin and 
the same types of inco-ordination, ataxia and narcotic manifestations were observed. The 
ataxic dose of homotetrahydrocannabinol is high in both the species of animals but cats are 
more suitable and more sensitive animals than rabbits for the study of the ataxia 
manifestations. 

Discussion. 

A study of the residues obtained from the different fractions of charas indicates that the 
solid matter contained in the minimum effective dose of the active fraction of charas 
(8 mg./c.c. to 10 mg./c.c.) is quantitatively smaller than the active dose of homotetrhhydro- 
cannabinol. The residue is a grossly impure material contaminated by inert substances like 
terpene, hydrocarbon, cannabinol, caimabidiol, etc. The active principle should, therefore, 
represent only a minor fraction of this total solid. Judging from this, it appears that the 
Imvorotatory natural principle of charas is likely to be very much more potent than 
the synthetic homotetrahydrocannabinol which is optically inactive, and which is probably 
the most active of all constituents so far isolated from the natural hemp resin. 

Todd {he. cit.) has discussed in detail the probable biogenesis of natural and synthetic 
compounds possessing ‘hashish’ (hemp) activity. Though tetrahydrocannabinols have no 
vet been successfully isolated from natural sources, it appears that cannabidiol, tetrahydro- 
Lnnabinol and cannabinol all occur in nature from the condensation of terpene derivatives 
with olivetol. The first condensation product is cannabidiol which is physiologically inactive. 
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From this, by a process of cyclization, tlie active teivabydrocanBabinol is formccL TMs in 
turn by dchvdroffciiation becomes Ihe inactive cannabiuol. Tbo stnictural relationsbip of 


these compounds, according to Todd, is as follows 


CH, 


OH^ 

C ott 


CH3 CHj 
1 . Canrmbicliol. 



C 6^13 (12) 


2. Homotetrahydrocannabinol. 


CH- 


OH 


CH: 


< 


<C 




n-CsH,, 


3. Cannnbinol. 


CH3 CH3 

4. Tetrahydrocannabinol. 


It is very likely that the hemp resins contain a mixture of active isomeric tetrahydro- 
cannabinols. Homotetrahvdrocannabinol is possibly one of thein. The smilarity of action 
of this with that obtained "with the alkali-insoluble fraction of charas lends support to the 
hypothesis that one such compound may be present m natural charas for producing 
ite narcotic action. It is interesting to note that, as early as 1846, Snnth obseiwed hashish 
activity in the alkali-insoluble portion of the resin, though this work has been hardly noticed 
in the published literature of comparatively recent tmies. 

StrJIMARY AND CONCLDSIONS. 

1. A comparative pharmacological study of the alkali-soluble and alkali-insoluble 
fractions of charas in CCU and petrol-ether solvents has been made. The total extract and 
the alkali-insoluble fraction were found to posses^s the narcotic properties of the drug as 
evidenced by the production of ataxia in cats. The alkali-soluble fractions were found to be 
devoid of all physiological activities. 

2. Most of the chemical and colorimetric tests including the test recently described by 
Mukhopadhyaya et al. (loc. cit.) depending on the presence of phenols in the alkali-soluble 
portion of the CCI4 extract, do not measure the narcotic potency of hemp drugs. 

3 A comparison of the action of homotetrahydrocannabinol and the alkali-insoluble 
fraction of cbarL shows that the former or an allied compound is possibly the active pnnciple 
for the narcotic effect of hemp. 

4 The activity of the alkali-insoluble portion of hemp resin is greater than that of 
homotetrahydrocannabinol. This suggests that tlie alkali-insoluble portion probably contains 
some optical isomers of tetrahydrocannabinol which are more active than tetrahydrocannabmol 
or its optically inactive homologues. 
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Table II. 


Effect of homotetrahydrocannabinol compared to the solid extract of 
Caunabis sativa in cat and rabbit. 


Experiment 

No. 

(Series). 


CAT. 

.. 

RABBIT. 

/' 

SoniD CANNABIS 
BXTEACT. 

Homotbtbahydeo- 

OANNABINOL. 

1 

SOUD CANNABIS 
EXTRACT. 

HoMOTETBAHyDB 

CANNABINOL. 

1 

Positive response dose, mg./kg. 


1 

100 

15 

120 

20 

2 

80 

15 

100 

• 20 

3 

70 

10 

130 

20 

4 

80 

15 

110 

25 

5 

90 

20 

100 

26 

Mean 

84 

16 

112 

22 


Homotetrahydrocannabinol is therefore physiologically active. Dose for dose, its activity 
is greater than that of the solid extract. The nature of action was found to be very similar 
to that obtained with the CCI4 extract or the alkali-insoluble, fraction of the hemp resin Md 
the same types of inco-ordination, ataxia and narcotic manifestations were observed. The 
ataxic dose of homotetrahydrocannabinol is high in both the species of animals but cats are 
more suitable and more sensitive animals than rabbits for the study of the ataxia 
manifestations. 


Discussion. 

A study of the residues obtained from the different fractions of charas indicates that the 
solid matter contained in the minimum effective dose of the active fraction of charas 
(8 mg./c.c. to 10 mg./c.c.) is quantitatively smaller than the a,ctive dose of homotetrahy ro 
cannabinol. The residue is a grossly impure material contaminated by inert substances e 
ternene, hydrocarbon, cannabinol, cannabidiol, etc. The active principle should, I'here 0 , 
represent only a minor fraction of this total solid. Judging from this, it appears ^ , 
Imvorotatory natural principle of charas is likely to be yery_ much more po A 
the synthetic homotetrahydrocannabinol which is optically inactive, and which is p 
the most active of all constituents so far isolated from the natural hemp resm. 


com 


LJJ.UDU „ ^ 

Todd (lOG. cit.) has discussed in detail the probable biogenesis of natural and syn e ic 
^^mpounds possessmg ‘hashish’ (hemp) activity. Though 

vet been successfully isolated from natural sources, it appears that cannabid 0 , . 

cnnnabinol and cannabinol all occur in nature from the condensation of ,, inactive, 

with olivetol. The first condensation product is cannabidiol which is physio g y 
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Irtkoductior. 

Hitherto most studies of amemia in India have been concerned with the severe 
macrocytic antemia (Nutritional Macrocytic Ansemia — HJhLA.) first described by Balfour 
(1927) and Lucy Wills (1931, 1934). and though milder angemias are thought to be common 
in the. whole population, little has been done to determine their incidence and nature. 

Macdonald (1939) estimated the hsemoglobin of several thousand coolies on tea-estates in 
Assam, and found that even the men were invariably anfemic — none had over 13 g. haemo- 
globin per 100 ml., and 90 per cent had less than 11 g. Hare (1940) found that new recruits 
to the estates were as anaaniic as old inhabitants, and it has been concluded that anmmia is 
probably universal amongst poorer Indians. Little is known of the nature of this common 
anjemia’. Napier and his school (see Napier and Das Gnpta, 1942) did lueroatocrit determina- 
tions on a relatively small number of Assam tea-garden coolies, and found that the ansemia 
was microcytic hut normochromic. It was not cured by iron. These milder ansemias have 
not seemed to be related to hookworm infestation. Since no other cause has been established 
they are regarded simply as a consequence of the malnutrition so common in India. The 
relatively high iron content of the common Indian diet has been thought to preclude iron 
deficiency as a major cause of the ansemia, and in the few trials reported iron medication did 
not cure it. 

The present authors (Hynes et al., 1945) found that of North West Indian soldiers in 
Peshawar district only one-third had over 14 g. hemoglobin per 100 ml., and nearly all the 
anBemia present was hypochromic and easily curable by iron. This finding was so at variance 
with the earlier reports mentioned above that we decided to make a specific search for iron 
deficient anemia in recruits. 

The blood status of the general population cannot be accurately determined by a blood 
survey of army recruits, for they are a selected sample of the population from which the 
recruiting niedical officer has excluded all obviously diseased members. Nevertheless, even 
if by examining recruits we underestimate the amount of anmmia in the population, we may 
still fairly assume that we are drawing a true sample of the types of ana?mia present. 

Of recruits drawn from the labouring classes 25 to 40 per cent were ansmic, and this is 
probably an underestimate of the amount of anaemia present in unselected men of this class. 
It must be even commoner in women, who have to face the blood demands of child-bearing 
and menstruation. 


Material ard methods. 

Material. 

We determined the haemoglobin, red cell count, and packed cell volume of some 
600 newly joined recruits m the I.A.Iir.C. Training Centre, Rawalpindi, between June and 
November 1944. The mimher of each race and class examined can be seen in Table I The 
majority were sweepers and ward servants, a miscellanv drawn from the 'poorer and non- 
martial classes. Ambulance sepoys are drawn from the same class as infantry recruits bnt 
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are probablj’’ of a somewhat lower physical standard. Nnrsinpj sepoys come from a more 
prosperous class than any of tlie aboAm, for the army demands that the}^ shall have reached a 
relatively high educational standard (Standard IX). 


Technique. 

Blood.— BXoodi was drawm from an arm vein with the minimum of stasis. Syringes 
vrere sterilized by hot liquid paraffin, and Wintrobe's dry oxalate mixture wms used 
as anti-coagulant (Whitby and Britton, 1942). All blood was taken between 08-00 and 
09 '00 hours. 

HcBmoglohinometer.—Ea^moglohm was estimated as acid hmmatin matched asainst a 
glass wedge standard in the Zeiss ‘ Hamometer ’We re-calibrated the instrument in“January 
1945 with bloods of known hemoglobin content determined as alkaline hsematin with a 
standard made from pure crystalline hsemin, B.D.H. (King et ah, 1914), The standard error, 
between duplicate readings with this instrument is ±0-227 g. Thus, a difference between 
two readings exceeding 0-5 g. is statistically significant (P=^0-03), and the difference should 
exceed 0‘6 g. in only 0-8 per cent of trials, and 0-7 g. in 1 trial in 500. A difference of 0-6 g. 
was in fact found in 4 of 635 duplicate readings ; there w'as no larger difference. The standard 
error of a single reading is ±0-16 g. 

Bed cell counts. — ’We used Adams and Zeiss red cell counting^ pipettes. Two Zeiss Thoma 
counting chambers were charged from the same pipette and about 500 cells counted in each. 
If the totals for the two chambers differed by more than 10 per cent another pipette was filled 
and the count w^as repeated. 

Hccmatocrits. — The packed cell determinations were done in W^introbe hsematocrits ; 45 
minutes’ spinning at 3,000 r.p.m. 

Hoohvorm examinations. — ^We examined stools for hookworm ova by the usual gravity- 
flotation technique in which about 1 g. of faeces is emulsified in 10 ml. of saturated saline. 
We counted the number of ova per microscope field (1/3" objective and x 6 ocular) and 
roughly classified the infestation as : — 

Very light : — 1 ovum per 6 or more fields. 

Light : — 1 ovum per 2 to 5 fields. 

Moderate : — 1 to 4 ova per field. 

Heavy : — 5 or more ova per field. 

Statistics. — The statistical methods used are those of Fisher (1944). The significance of • 
differences between means was tested by the ‘t’ test, and between proportions by the 
test. When the latter reduced to a fourfold table the method of Fisher and Yates (1943), 
Table VIII, was used. In the text we give only the probability (P) that the difference 
was due to chance ; e.g. (P=0-01) means that the difference in question might be due 
to chance only once in 100 trials. 


The amount of anaemia peesent. 


The hemoglobin distribution in the various groups is summarized in Table I and 
Graph 1. ^ 

The most striking feature is the great superiority of the nursing sepoys over other recruits 
of the same race ; in all four cases the consequent- difference in mean hsemoglobms was 
statistically significant. Onlv 8 per cent of the nursing sepoy recruits were ansemic (h»mo- 
alobin less than 13 g.) and 80"per cent had over 14 g. hsemoglobin. This comparatively very 
bw incidence of anaemia is probably explained by the higher social status and resultant better 
nutrition of these recruits. 


About 25 per cent of the Punjabi ambulance sepoy and ward servant recruits were amemic 
(hsemoglobin less than 13 g.) and 5 per cent had less than 11 g. hsemoglobin. There was no 
significant difference between the two. 
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Table I. 

The hemoglobin (lixlvibnlion of recrnils from different provinces. 



— Swcopor. W/Svt — Ward servant. A/Soi) — Ambiilanco sepoy. N/Sop — Nursing sepoy. 



About 40 per cent of both U. P.* ward iservants and Madi'usi sweepers were anamic 
(ha3moglobiu less than 13 g.), and the inferiority of the U. P. ward servant's to the Puniabi 
ward servants was statistically significant (P=.0-02). This difference may correspond to the 
known superiority of general nutrition in the Punjab 1o that in other parts of India. 


Graph 1. 



Madrasi U. P. Punjabi Punjabi 

sweepers. ward servants. A/Sep and W/Svt. nursing sepoys. 


Showing the amount of ansemia in different categories of recruits. 


The religion of an Indian influences both his social status and his dietary habits. The 
only significant difference in this series between religions or castes was that in’both Punjabi 
and U. P. recruits, the mean htemoglobin was significantly lower in Mohammedans than m 
Hindus (P=0’02 in both cases). These differences were probably economic in origin, for the 
Mohammedan has fetver dietary prejudices than the Hindu. 

The majority of the recruits gave their ages as between 18 and 21, few were under 18 or 
over 35. There was no correlation between age and anaemia. 


Hookworm infestation and anosmia. 

Table II shows the degree of hookworm infestation in the five largest categories of 
recruits. About 60 per cent of both Madrasi and U. P. recruits were infested ; the 
amount of moderately heavy infestation in tlie latter was statistically^ just significant (P— O'Of ). 
The Punjabis showed only half as much infestation, statistically a highly significant difference. 
Thirty per cent of Punjabi ambulance sepoys and nursing sepoys were infested, and there was 
no significant difference between them, but the Punjabi ward servants with only 12 per cent 
of infestation differed very significantly (P less than 0-005). 


* United Provinces. 
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Table II. 

The ])erce>itage of lioohvorm infestation in rarious classes of recruits. 



Graph 2. 



Ansemia 


(under 11 g.) 

Doubtful 
(13 g. to 13-9 g.) 



Mild ancemia 


(11 g. to 12-9 g.) 



None. 


Very light. Light. 

Weight of hookworm infestation. 


Moderate. 


Comparing the amount of anremia in recruits with different deCTees of hookworm 
infestation. 


■\^ e found a marked relation between hookw'orm infestation and antemia Table III 
shows the htemoglobiu distribution in recruits with the different degrees of infestation The 
amount of antemia increased progressively as the weight of the infestation increased and the 
mean htemoglobm fell from 14-3 g. in men with no infestation to 12-G tr in men ivith a 
moderately hea^ry mfestataon. Even the men with only a ver^r infestation had a mean 
luemoglobin significantly lower than that of iion-infested men (P=n-007) and the diffGrem.e 
between moderately and very lightly infested men was rer,- highly significant (P less than 
0-001). Graph 2 shows how the amount of anemia increased as the infestation ciew heaSi 











On tlie other hand the connection hetweeh ainemia and lioohworm infestation was hy no 
means constant— one-third of recruits with under 11 g. hsemoglobin had ]io infestation, and 
one-third of the men with a moderately heavy infestation had over 14 a. hEeuiOfriohin 
(Tables III and IV) ‘ _ 

Table III. 


The hcemofjlohin disiribiition in recniiis xiitli 'carious degrees of hookworm infestation. 


Weight of 



Ha:moglobin gramme per 100 ml. 




Total. 

Mean. S. D. 

infestation. 

7- 

S- 

9- 

10- 

11 - 

12- 

13- 

14- 

15- 

16- 

17- 

IS- 

None 

3 

2 

fi 

11 

3G 

58 

82 

68 

39 

9 

1 

315 

14-31 1-629 

Very light 

1 

1 

11 

11 

IS 

26 

26 

30 

15 

1 

... 

140 

13-82 1-823 

Light 



3 

G 

G 

10 

12 

7 

1 


... 

45 

13-46 1-536 

Moderate ... 2 

... 

4 

4 

S 

8 

7 

10 

5 

1 


... 

49 

12-63 2-019 


Table IV. 


The amount of hooku'orm infestation in recruits with different hcemoglobin levels. 


Hemoglobin class. 


Hookworm loap, per cekt. 

Number of 
cases. 

None. 

Very light. 

Light. 

Jloderate. 

Under 11 g. 

30 

35 

8 

27 

37 

11 g. ... 

45 

28 

12 

15 

104 

13g. ... 

.‘“>7 

26 

10 

7 

101 

14 g. and over 

ori 

23 

7 

5 

307 


We may conclude that hookworm infestation was a secondary factor in the anemia of 
these recruits. In the presence of other more important causative factors it might increase 
the degree of ansemia, but even in substantial infestation normal haemoglobin values were 
commonly seen. 

The types of anhjmia present. 


Definitions. 

The most satisfactory classification of anaemia is according to mean corpuscular vohune 
(MOV) and hsemoglobin concentration (MCIIC). Practically all recruits with h^iioglobin 
values over 14 g. per 100 ml. had MCV’s between 80 cu./x. mid 99 cu.^. and MCBCs o 
30 per cent or over. These figures are the basis of the classification of anaemia used in t us 

paper; 


VIZ. : — 

MOV. 

Microcytic : less than 80 cu.^. 
hformocvtic '. 80 cu.p to 99 cu.^. 
Slacrocytic : 100 on. fi or over. 


MCHC. 

Hypochromic : less than 30 per cent. 
Normochromic ; 30 per cent or over. 
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Findings. 

the different types of angemia found in each class of recruit are shown in Table V ; — 

Table V. 


The number of cases of different types of anwmia {hcBmoglohin under IS'O g.) 

found in recruits. 


Type of antemia. 


iSLiDKAS. 

U. P. 


Punjab. 



.Sw’pr. 

W/Syt. 

A/Sep. 

W/Svt. 

N/Sep. 

Microcytic 

J- Hypocliromtc 

7 


2 

1 

1 

( Korniochromic 

5 

2 

3 

1 


Normooytio 

j- Hypochromic 

Normochromic 

17 

4 

10 

4 

2 

25 

31 

10 

7 

2 

Macrocytic 

j" Hypochromic 

1 

... 

... 

... 

... 

^ Normochromic 

1 

2 

» I > 


• •• 

Total of aniemias ... 

50 

39 

25 

13 

5 


Jdormocylic ancemia . — In all classes over three-quart.ers of the total antemia was normo- 
oytic. In both Jiladrasis and Punjabis about 60 per cent of the norniocytic ansemia was 
normochromic, but in TJ. P. recruits 90 per cent was normochromic and only 10 per cent 
hypochromic. This difference was statistically highly significant (P less than 0-005). 

Microcytic anosmia . — ^In both i\Iadrasis and Punjabis about 20 per cent of the total 
angemia was microcytic, and about half the microcytic anaemias were normochromic. There 
was no significant difference between these two classes. In U. P. recruits only 2 of 39 cases 
of ansemia were microcytic, both were normochromic. This low incidence of microcytosis 
was a significant difference from the hladiasis (P=0-fi25), but did not quite reach significance 
compared with the Punjabis. 

The proportion of microcytic to other anaemias was greater the more severe the anemia, 
but no statistical significance attached to this. 

Macrocytic ancemia . — Only 5 very mild cases of macrocytic angemia were found — 2 each 
from the Madras and the U. P., and 1 in a ward servant from Sind. One of the Madrasis had 
a hypochromic rnacrocytic ansemia : the remaining 4 were normochromic. None of these 
cases had bilirubineemia or splenomegaly. 

No case of macrocytic ansemia was found in the Punjabis. 

Hypochromia. —In both ]\Iadrasis and Punjabis about 45 per cent of the angemia was 
hypochromic, but in U. P. recruits the proportion was only 10 per cent, a highly significant 
difference (P less than 0-005). c c- 

The proportion of hypochromic ansemias increased as the angemia became more severe, 
until with iigemoglohin values below 10 g., 11 out of 13 cases were hypochromic, tests 
proved the significance of this obser%-ation. Extreme hypochromia (MCHC less than 28 per 
cent) was rarely seen except in the more severe aneemias— only 3 of 15 cases had over 11 a. 
hemoglobin per 100 ml. 

It might be anticipated that hypochromia, a sign of iron deficiency, would be more 
conunon in hookworm infestation, but in fact thisVas not the case, 'llie proportion of 

{ 277 ) 



normocliromic to Hypocliromic angemia was tlie same in infested and non-inf ested men, eveti 
when the infestation was moderately heavy. 

An MCHC of over 30 per cent must be classed as normochromic, but whereas 56 per cent 
of recruits with haemoglobin over 14 g. had an MCHO of 32 per cent or over, this value was 
exceeded in only 35 per cent of the normocliromic aiia’inias. This difference is statistically 
highly significant. Of coui-se there is in fact no arbitrary MCHC which forms the boundary 
between normochromia and hypochromia ; red cells with an MCHC below 30 ]jer cent are 
certainly unsaturj^ed, but those ivith a little over 30 per cent may be saturated or un- 
saturated. 


The effect of army life and of iron supplements on the anhsmia 

OF RECRUITS." 

The object of the work described below was to observe to what extent tlie recruits’ 
anaemia improved during training, and to determine whether the improvement could he 
accelerated by a small daily dose of iron. IVe, therefore, divided tlie recruits into a 
‘ control group ’ and an ‘ iron group both taking the same controlled diet, and gave 
6 grains of ferrous sulphate daily to the iron group. 

Malerkd and melhods. 

Our subjects were 92 Madrasi sweepers and 74 U. P. ward servants taken at random, and 
33 Punjabi ambulance sepoys, 23 Punjabi ivard sen^ants, and 35 miscellaneous ward servants 
with haemoglobins less than 14 g., but otherwise taken at random. Up to 15 newly joined 
recruits were investigated each day, and alternate men as they presented themselves were 
placed in the iron and control groups. 

Table VI. 


The average daily diet of these reendis. 




Oz. 

Prot., g. . 

Garb., g. 

Fat, g. 

Fs, mg. 

Meat 

... 


19 

• *. 

32 

2‘6 

Milk ' .„ 

... 

G 

fi-5 

8 

G 

... 

Ghee, animal . . . 

... 

H 

... 

... 

36 

... 

Ata (wheat-8our) 


20 

65 

390 

9 

40 

• Rice 


4 

10 

95 

1 

3 

T)hal (pulses) ... 



21 

84 

4 

10 

Vegetables 



2 

8 

... 

1-6 

Potatoes 


3J 

1-6 

23 

... 

0-5 

' Onions 


2 

0-5 

0-5 

... 

0-5 

Emit 



... 

5 

... 

... 

Ghee, vegetable 


1 

... 

... 

32- 

... 

Sugar 


21 

••• 

63 



— — — — — — — ■ ' ■ — ~ , 


Total'caloricg : 4,200. 
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All the inen '\rere given the diet shown in Table VI. The diets were supervised by Major 
0. P. Verma, i.a.m.c., who was at the same time making observations on nutrition. For this 
reason about one-half of each group received an extra 1 lb. of milk daily ; this had no demon- 
strable effect on the blood. 

The iron group were given 6 grains of ferrous sulphate daily throughout the period of 
observation. The powder (ferrous sulphate exsiccatus B.P. manufactured by an Amritsar 
firm) was suspended in distilled water immediately before use. A single dose of 6 grains in 
•i oz. water was given daily at 08‘00 hours. A member of the team always gave the medicine 
and watched that every man swallowed it. The men did not complain of alimentary or other 
disturbances. 

The number of men in the experiment dwindled steadily owing to losses from sickness 
and training requirements. The loss was uniform between the iron and control groups, and 
between the different htemoglobin classes. 


Results. 

Hamoghbin . — ^The change to the army life and diet considerably improved the anaemia 
of these recruits, but the men taking daily iron did very’' much better. On recruitment both 
groups contained about 45 per cent of anaemic men (haemoglobin less than 13 g.) and about 
25 per cent of jnen with 14 g. hasnoglobin or over. After 3 months’ training 31 per cent of 
the control group men were still anfemic. and 50 per cent had 14 g. or more, whereas 
in the iron group onlv 8 per cent of the men were anaemic and 80 per cent had 14 g. or 
more (Tables VIT and VIII and Graph 3) 

Table VII. 


The hcemoglobin distribution of the control group of recruits after 
0, 1, 2, 3 and 5 months of training. 





Rdmoglobik grammes ter 

100 ML. 







iMontii 01 
service, 

7- 

s- 

9- 

10- 

11- 

12- 

13- 

14- 

15- 

16- 

17- 

of 

cases. 

Mean. 

S. D. 

0 

... 

... 

4 

12 

17 

27 

41 

18 

10 

3 

1 

133 

12'05 

1-577 

1 

... 

2 

3 

r 

IG 

19 

25 

28 

13 

11 

4 

1 

122 

12'73 

1-766 

2 

... 

... 

2 

7 

14 

15 

26 

25 

14 

3 

1 

107 

13-39 

1-597 

3 

... 

... 

1 

0 

11 

13 

10 

27 

19 

2 

1 

86 

13-73 

1-617 

20 men j 

r3 ... 

1 

1 

... 

... 

... 

3 

3 

4 

G 

4 


... 

20 

13-60 

1-403 

1 

Is ... 



1 

o 

3 

7 

4 

3 

.«• 


20 

13-49 

1-322 
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1'able viii. 


The hccmoglobin distribution of the iron grou-p of recruits after 
0, 1, 2, 3 and 5 months of training. 


Jlonth of 



llaiiMOOLOJIlN lUtAM.MUS mil 100 5Ib. 



ffum- 

7- 

8- 

9- 

10- 

11- 12- 

13- M- 

13- 

16- 

17- 

cases. 

J8- 

iuuau. iy. 

0 

3 

2 

7 

17 27 

37 IS 

9 

2 

. . . 

1 

... 124 

12-88 1-672 

1 

1 

•i 

0 

“ / 

1.7 2G 

3(i 2(i 

10 

2 


... 120 

13-30 1-395 

2 

... 

... 

0 

.3 7 

22 40 

19 

0 

2 

... 101 

14-22 1-264 

3 


... 

... 

... 7 

10 22 

29 

12 

O 

1 S3 

14-83 1-242 

rs ... 

IS men - 

u ... 

... 

... 

... 

1 

1 9 

6 

1 

... 

18 

14-74 0-978 

• . • 


• . « 

••• 

1 G 

^ 11 

... 

... 

IS 

14-99 0-613 


Geaph2.3. 



On enlistment. 3 months later. On enlistment. 3 months later. 
CONTROL GROUP. IRON GROUP. 


Showing the amount of ansemia in recruits on enlistment and after three months teaming 
the only difference between the two groups being that the ‘ iron group ’ received 6 grains 
ferrous sulphate daily. 


On recruitment the two groups had almost identical mean hsemoglohin values, but after 
L month the iroji group’s mean htemoglobin was significantly higher than the contro 
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group’s ('i'=0-01), and after 2 and 3 months the dlffereiioes ^vere very significant (P less 
tlian O’OOl). 

We were able to follow about 20 recruits from each group for 5 montbs. Those in the 
iron group (who all continued tbeir iron) improved further, but there was no significant change 
in the control group. The liEemoglobin distributions of these men at both 3 and 5 months are 
shown in Tables VII and WII. 

Table IX shows the response in 3 months of the different grades of anremia. The hemo- 
globin rose significantly (0-6 g. or more) in 95 per cent of the anemic men of the iron group 
and 66 per cent of those in the control group ; the rise exceeded I'O g. in 86 and 53 per cent 
respectively. In the iron group the hemoglobin rose significantly in 90 per cent of men with 
under 15 g. hemoglobin, compared with 60 per cent in the control group. 

Taule IX. 

The improvemenl after S 7n(yntJhs’ training of men idtli different initial 

hainoglohin levels. 


Hjoioglobix afteb 3 moxths’ teainixo. 


Initial hsemoglobm. 

Group. 

Number 
of cases. 

Under 

11 g- 

11 g- 

12 g.- 

13 g.- 

14 g.- 

15 g. and 
over. 

Under 11 g. 

r Iron 

9 

... 

... 

3 

3 

2 

1 

- 

\ Control 

11 

1 

6 

4 

... 


... 


j" Iron 

1 Control 

11 



2 

2 

4 

3 

11 g.- 

12 

O 

3 

4 

2 

... 

1 

12 g.- ... 

Iron 

( Control 

17 


... 

1 

4 

5 

7 


lo 

... 

2 

3 

1 

9 

... 

13 g.- ... 

j" Iron 

20 


... 

1 

2 

10 

N. 

7 


1 Control 

21 

... 

... 

0 

c , 

8 

5 

14 g.- ... 

^ Iron 

17 

... 

... 

... 

... 

1 

10 


( Control 

17 

... 

... 

... 

1 

8 

8 

15 g. and over 

^ Iron 

in 

— 

... 


... 

... 

10 


1 Control 

10 

... 

... 



o 

8 


Even the men with initial hemoglobin values between 14 s. and 14-9 g. were capable of 
improvement— half of those in the control aroup and 10 of 17 dn the iron group showed a 
significant rise in 3 months, and in 12 of the iron grou]) this exceeded TO g. 
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hand hookworm infestation was not essential to anemia— one-third of men with less than 11 g. 
hemoglobin had no infestation — nor was anemia an invariable consequence of infestation — one- 
third of men with a moderately heavy infestation had over 11 g. haemoglobin. This accords 
with the modern view that hookworm infestation produces anemia only in the presence of 
malnutrition. 

The anemia of these recruits improved considerably during the first 3 months of 
training, but it appears that progress then stopped and much anemia remained incompletely 
cured. When a daily dose of ferrous sulphate" was given the progress was much more rapid 
and continued for the whole 5 months of training ; even after 3 months most anemic men 
were cured. 

There are many puzzling features almut this universal response to iron therapy. Only 
4 per cent of the men who benefited from iron had a typical iron-deficiency anemia, and only 
30 per cent had any of the conventional signs of iron deficiency, l^utrition workers have 
usually deduced from their analyses that even the jjoorest Indian diets have an iron content 
adequate even for the greater needs of women. Three hypotheses come^ easily to mind to 
explain these facts. 

Firstly, it is possible that a great part of the iron of the poor Indian diet is for 
some reason not assimilable. Apart altogether from the original chemical form of the iron, 
workers are only beginning to investigate the influence on iron absorption of mineral balance 
and such interfering substances as ph)d;ic acid. 

Secondly, it is possiijle that the dietary deficiency which is the major cause of this anemia 
prevents the utilization of iron. If we replace this factor iron is still necessarj’ to build new 
heemoglobin to cure the ansemia. 

Thirdly, it is possible that the benefit we observed was not in fact due to iron, but to 
traces of some other metal present in the ferrous sulphate but deficient in the common 
Indian diet. » 

But beyond these speculations one fact remains — most recruits were greatly benefited by a 
daily dose of ferrous sulphate, and this must be a guide for future policy. 

SCMJURY. 

1. The hajmoglobiu, red cell count, and packed cell volume of some 600 newly joined 
Indian army recruits were estimated. 

2. ilost of these men were drawn from the labouring classes, and 25 to 40 per cent of 
difierent races had less than 13 g. htemoglobin. 

3. Tire nursing sepoys were drawn from a higher social class than other recruits, and 
only 8 per cent had less than 13 g. haemoglobin. 

4. i\Iost of the anaemia was norraocytic and normochromic, but every type was found. 
Macrocytic anaemia was rare. 

5. The aneemia of U. P. recruits differed from that of Punjabis and Madrasis. 

6. Hookworm infestation was an important contributor}’ cause of the anaemia, but 
it was often not present in even tire severer anaemias, and many infested men were not 
autemic. 

7. The anaemia of these recruits improved considerably during the first 3 months of 
training, but progress then stopped and much anaemia remained incompletely cured. 

8. MTien a daily dose of 6 grains ferrous sulphate was given the progress was much more 
rapid, and even after 3 months most anaemic men were cured. 
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Introduction. 

Veeraraghavan (1944) described a protozoal parasite of the central nervous system of 
animals suffering from rabies, and discussed the possibility that this parasite might, in fact, be 
concerned with the letiology of rabies. The author attempted to propagate this parasite in 
vitro using media, such as NNN medium, ordinarily used for the cultivation of protozoa, and 
also several synthetic media containing various constituents of the brain, including cholesterol, 
lecithin, etc., but without success. Later attempts to cultivate this protozoal parasite in a 
medium similar to that described by Webster and Clow (1936, 1937) for the cultivation of 
rabies virus, appeared to be successful. In this paper, the results of attempts to cultivate 
the protozoal parasite are described, and evidence is presented in support of the view that 
this parasite is the jetiological agent in rabies. 

Materials and methods. 

A simple liquid medium containing brain extract, serum and fresh normal brain tissue, 
with or without the addition of some of the constituents of Tyrode solution, was successfully 
used as a culture medium for the protozoal parasite. A medium prepared from sheep-brain 
extract and sheep serum gave consistently good results, and this will be described first. The 
results of experiments using various modifications of this medium will be given later. 

Preparation of the medium. — Sheep-brain extract was prepared as follows : — 

The brain of a healthy sheep^ was dissected out with strict aseptic precautions. A small 
portion of the brain was weighed and washed repeatedly in sterile distilled water to get rid 
of all blood. It was then ground up in a mortar with sterile glass, powdered under aseptic 
conditions, and grinding was continued until a smooth paste was obtained which, when 
examined under the microscope, was homogeneous and failed to show the presence of intact 
cells. Ice-cold, sterile distilled water was added gradually in small quantities and grinding 
continued until a 2 per cent emulsion was obtained. This was allowed to stand for a few 
minutes to permit the glass-powder to settle, after which the supernatant fluid was centrifuged 
for half an hour at moderate speed. After centrifuging, the clear supernatant was transferred 
to a sterile flask, steamed in a steam sterilizer for half an hour on each of three consecutive 
days, and subsequently tested for aerobic and anaerobic .sterility. The 2 per cent extract was 
diluted to 1 per cent with sterile distilled water at the time of preparation of the medium. 

The medium was prepared by mixing one part of sheep serum and two parts of distilled 
water ivith six parts of 1 per cent sheep-brain extract prepared as described above. As a 
rule. 9 ml. of the medimn were placed in test tubes, as this facilitated frequent handling of 
the cultures. "When larger quantities were used, flat-bottomed flasks were employed. The 
medium thus prepared could conveniently be kept for one or two days in cold .storage 
at 4°C. 

As mice were not available, the fresh nerve tissuef required for the medium was obtained 
^from a new-born guinea-pig. The animal was killed by drowning and the brain, dissected 

. . * It found to be economiral to obtain normal sbeap’s brain tfom the heads of freshlv slauehtered sheen 
obtained from the local slaugnter-llonse. This obviated tbs sacrifice of a "crhole sheep for each experiment. 

t Later vork has eho-mi that a ten to fn-elve-day-old chick emhrvo brain provides a suitable sub-^titnte for 
young guinea-pig brain. 
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out nnder strict aseptic conditions, was transferred to a sterile mortar, washed twice in sterile 
distilled water, emulsified and diluted in the proj)ortion of two parts of sterile distilled 
water to one part of brain tissue. Fresh normal brain tissue prepared in this way was added 
to the sheep-brain extract in the proportion of one drop per ml. just before the medium was 
inoculated with material containing the parasite. The pH of the medium before inoculation 
varied from 7‘4 to 7-6. 


The grains of rabid animals showing the presence of the protozoal body were thoroughly 
ground with sterile glass-powder and diluted to make a 10 or 20 per cent emulsion, then 
centrifuged for half an hour at 3,000 r.]).m. The clear supernatant was withdrawn and used 
as the inoculum. In in vitro studies of the jirotozoal parasite, one part of the clear super- 
natant from a 20 per cent emulsion was added to nine parts of the medium. For biological 
titres, the supernatant from a 10 per cent suspension was diluted to 1 per cent with sterile 
distilled water and one part of the 1 per cent suspension was added to nine parts of the 
culture medium. 

In all experiments to be described, uninoculated medium prepared from sheep-brain 
extract and fresh guinea-pig nerve tissue was run as a control. 

Inoculated media and uninoculated controls were well shalcen, nerve tissue allowed to 
settle and smears made from the supernatants. The cultures ^vere incubated at 37°C. and 
smears from the supernatants of the cultures were made at intervals of 1, 2. 3, 4, 6, 8, 12 and 
24 hours, calculated from the time of inoculation of the test medium. Smears were stained 
with Giemsa’s stain for one hour, dried and examined microscopically for the presence of the 
protozoal parasite. 

Ap 2 ^earances observed in inocnlaled ciiltures.—lt will be convenient at this stage to 
describe the appearances seen in inoculated cultures before considering the various modifica- 
tions of the culture medium which were tried. 


Inoculated cultures consistently showed the various forms of the protozoal parasite 
previously described by the author (Veeraraghavan,- 1944). Spores were the commonest 
forms found in cultm-es using the medium described above ; when they occurred singly it was 
difficult to distinguish them from particles in the smear, but collections or groups of spores 
presented a characteristic appearance and ivere easily recognized. These collections or groups 
of spores showed considerable variations in shape, dimensions and arrangement ; sometimes 
the spores were closely packed, sometimes loosely arranged ; in no case was a capsule observed 
round the group ; individual spores contained in a single group were discrete and comparatively 
uniform in size, but the size of the spores in different groups varied considerably ; some were 
barely visible under high magnification, while others measured as much as 0*4 microns in 
diameter ; they stained bluish-purple with Giemsa. and could be readily identified in the 
smears. 


Ring forms, growing forms and dividing forms of the parasite were also found, 
though in small numbers ; all stages of develojunent of tlie parasite might be seen in a 
single smear. 

Spores arranged singly or in groups were visible as early as one hour after inoculation of 
the culture medium, but were most i)revalent after three or four hours. In the six, eight and 
twelve-hour cultures, spores were present in mdy small numbers and they were rarely to be 
found in 24-hour cultures. 


Ring forms, growing forms and dividing forms vere found in smears of cultures after two 
to twelve hours’ incubation. Frequently the forms seen in the tw'elve and 24-hour cultures 
stained black, suggesting that these forms had undergone degenerative changes. 

- It was not possible to demonstrate the presence of any form of the parasite in smears of 
the cultures made immediately after inoculation, nor did any of the uninoculated media run 
as controls show the presence of the parasite. 

Modifications of the culture media employed. — ^The effect of altering 
the various constituents of the medium, as well as the addition of other ingredients o ^ , 

studied The results were judged by observing the behaviour of the parasjfe a 1 ^ , 

by ^ppeaia^es in steW smears. In certain oases animal experiments were oameil 
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out to coufirm tlie rmclings observed under tlie microscope. The results are briefly 
summarized : — 

1. Brain extract. — ^Tbe use of 1 per cent .sheep-brain extract rrith sheep serum gave 
the best results. "i^Tren guinea-pig brain extract was used with sheep serum or guinea-pig 
serum the results were, however, almost equally good. Babbit-brain extract with sheep 
serum or with rabbit serum was less satisfactory. 

The effect of varying the concentration of brain extract was tried. When trials wer® 
made with a medium containing sheep serum and all the constituents of Tyrode solution (except 
sodium bicarbonate) but in which brain extract was not included a few parasites were 
found in the cultures after three to eight hours’ incubation. In a medium containing six 
parts of one half per cent brain extract, one part of serum, one part of ten-fold concentration 
of Tyrode solution (without sodium bicarbonate) and one part of water, the parasites were 
found in larger numbers. They were seen in greatest numbers when 1 per cent brain 
extract was used in the above raedimn instead of half per cent. With 2 per cent brain 
extract the results were less satisfactory. 

Experiments were tried with 1 per cent fresh brain extract uith and without steaming, 
aid with brain extract autolysed for 48 hours at 37°C. followed by steaming. As all 
of them were found to give equally good results, steaming of the fresh brain extract was 
regularlv adopted to ensure sterility. It was focmd that satisfactory results could be obtained 
with brain extract kept for two or three weeks in cold storage. 

2. Serum. — The effect of adding various sera to the medium was tried. Sheep serum 
and guinea-pig serum gave equally good results. Horse serum was tried in only one experiment 
and gave gOo^l results. Human serum and rabbit serum were less satisfactory. Wien serum 
capable of neutralizing virus in nitro (collected from patients who had undergone antirabic 
treatment) was added to the medium, the parasites were not to be found. 

The effect of altering the concentration of the sermn in the medium was tried. IVlien 
serum was not added to the medium, the parasites were not encountered. TiTien the medium 
contained 5 per cent concentration of sheep serum, the parasites were found in large numbers. 
A 10 per cent concentration of serum in the medium was considered the optimum and 
appeared to give better results than serum concentrations of 15 or 20 per cent. 

3. Tyrode. — Tyrode solution was prepared in two parts separately. The first part 
(Tyrode I) contained NaCl 8 g., KCl 2 g., CaCE 0’2 g., MgCE O’l g.. and HaH;->P 04 C’’05 g.. 
in 100 ml. of distilled water. 

The second part (Tyrode II) contained glucose 1 g. and NaHCOs 1 g. in 100 ml. of distilled 
water. Thus, the solutions were ten times concentrated. These solutions were filtered 
through Seitz pads, tested for sterility and stored separately. 

Wien one part of Tyrode I and one part of Tyrode II were added to a medium containin'^ 
six parts of 1 per cent sheep-brain extract and one part of sheep serum, the pH of the medium 
varied from S’O to 8-2. The smears of the cultures stained dark-blue with Giemsa’s stain, 
rendering observation of the parasite difficult. IVljen sodium bicarbonate was omitted and 
only one part of 1 per cent glucose was added in place of Tyrode IT. the ring forms, growing 
forms and dividing forms of the parasite were encountered in large numbens. Collections of 
spores were found only occasionally. Wien glucose alone was added to the medium without 
the Tyrode I, the spores were found in large numbers, but the other stages were encountered 
only in small numbers.^ The addition of various concentrations of glucose to the cultures 
seemed to make little difference, although varying amounts (O'l to 2-0 per cent) were used; 

4. Fresh nerve ^fsswe.— Attempts to cultivate the parasite in the above media without 
the addition of fresh nerve tissue proved to be unsuccessful. Evidence of multiplication of 
the parasite was obtained onlv when fresh nen'e tissue from a guinea-pig, one or two da'\'s 
old, was added to the medium immediately before inoculation. The results were not 
satisfactory when nerve tissue from adult guinea-pigs was used. 

Erpcrimenlt^ u'il/i the hains of healthy animals . — The clear supernatants from the 
suspensions of the brains of he.althy animals were inoculated into culture media and smears 
examined for the presence of the parasite. Culture media inoculated with the brain 
suspensions of fifteen dogs, twelve guinea-pigs, six rabbits and four sheep, which showed no 
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evidence of rabies infection, did not show the presence of tlie parasite. Sections of tlio 
hippocampus major, cerebellum and mid-brain of all these animals showed neither the unm- 
site nor Negri bodies. ^ 

Experiments with strains of rabies virns isolated from natnralhj infected dogs and jachls 
showing the presence of the parasite — jackal (J) strain and dog (D) strain described in the 
previous paper (Veeraraghavan, 1944) and six other strains of street virus, four of which were 
'isolated from dogs and two from jackals, were studied. Parasites and Negri bodies were 
observed in the brains of guinea-pigs inoculated with these strains. The various stages of 
the parasite w'ere regularly found in the cultures of the brains of these guinea-pigs. These 
cultures were inoculated subdurally into guinea-pigs ; all of them contracted rabies and died ; 
the parasite was found in their brains and in cultures prepared from these. 

Experiments with other strains of street virus . — The parasite, in all its stages, was observed 
regularly in cultures inoculated with the supernatants from the suspensions of the brains of a 
number of rabid animals (twenty-five dogs, tAvo cats, one goat and one bull-calf) sent to this 
Institute for examination. Sections of the brains of all these animals showed Negri bodies. 
The utilization of the technique of cultivation as a rapid method for the diagnosis of rabies 
in animals is described in another paper (Veeraraghavan, 1945). 

Experiments with Paris strain of rabies fixed virus . — ^All stages of the parasite Avere 
demonstrable in cultures inoculated Avitli the Paris strain of rabies fixed Aurus maintained at 
the Pasteur Institute, Coonoor, as well as the strain of Aurus maintained at the Central 
Research Institute, Kasauli, and the Haffkine Institute, Bombay. The schizont stages of 
the parasite and a few Negri bodies were found in the brains of guinea-pigs inoculated with 
the culture Aurus. The parasite Avas found in cultures inoculated with the braihs of these 
animals. 


Filtration experiments . — 

1. Jackal (J) strain virus . — The Aurus in this experiment was obtained from the brain 
of a guinea-pig which was completely paralysed after subdural inoculation Avith a 6-hour 
culture of the jackal (J) strain Aurus, The parasite was found in the brain of the guinea-pig. 
The clear supernatant from a 10 per cent suspension of the brain after centrifugalization was 
filtered through Berkefeld V and N candles. Smears of the filtrates did not show any^ forms 
which could be definitely identified. Tlie filtrates were inoculated into culture media and 
into guinea-pigs. The cultures, after tAvo hours’ incubation at 37°C., show'ed the pre.sence 
of the parasite. Guinea-pigs inoculated with the V and N filtrates immediately after iiltratipn 
and after six hours’ cultivation in the culture media died of paralytic rabies. The parasite 
and Negri bodies were found in the brains of all these animals. Filtration through a Berkefeld 
W candle could not be tried as a good candle was not aAmilable. 

2. Paris strain of rabies fixed vines . — («) The aboAm experiment was repeated with the 
Paris strain of rabies fixed Aurus. Guinea-pigs inoculated A\uth the Beihefeld V filtrate 
immediately after filtration and wuth cultures of the V filtrate shoAA'ed signs of paralytic rabies 
and died, Tavo guinea-pigs inoculated with the Berkefeld N filtrate immediately after 
filtration escaped, while the animals inoculated with the cultures of the Berkefeld N filtrate 
died of rabies. The .'schizont stages of the parasite and a feAV Negri liodies Avere encountered 
in the mid-brains of the guinea-pigs inoculated with the culture A'irus. Cultures inoculated 
Avith the brains of these animals shoAVed the presence of the parasite. 

(b) Filtration experiments were tried with the Paris strain of rabies /pd virus after 
cultivation in artificial culture. The virus was obtained from a guinea-pig which had died as 
a result of infection with 1 in 80,000 dilution of a 12-hour culture of the fixed virus used in 
another .experiment. Two ml. of the clear supernatant from a 20 per cent suspension o 
the brain of the aboAm guinea-pig w^ere inoculated into eighteen ml. of the culture me luni 
containing brain extract and sheep serum. Smears of the cultures showed the presence o i 
parasite. The 11-hour culture Ava.s lightly centrifuged and the clear 

This was divided into two equal parts. One part Avas filtered through Berketc c ‘ • i 
and the other through Berkefeld N candle. Smears of the filtrates showed nnnu e o s 
were difficult to identify. The filtrates were inoculated into fresh cultuie ^orosite 

guinea-pigs. Smears of the cultures of the filtrates shoAA'ed the presence o ig^efoped 
Sa-pigs inoculated Avith the Berkefeld V and N filtrates of the culture virus dcA eloped 
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paralytic rabies and died. A fen* scbizont .stages of the parasite were encountered in the 
mid-brains of the animals. 

TityaOon crprrimcnts . — 

1. Jachd {■]) strain . — The evidence of multiplication in cultures was obtained by 
comparing the highest dilutions in which the inoculum and the cultures proved to be infective, 
when inoculated subdm-ally into guinea-pigs. Kine ml. of the culture media were inoculated 
^Yith one ml. of the clear supernatant from a 1 per cent suspension of the brain of a guinea-pig 
showing the presence of the p'arasite. Various dilutions of the inoculum were given to 
guinea-pigs. About half ml. of the supernatant was withdrawn from the 4-, 8-, 12-, 24- and 
48-hour cultures, diluted witli sterile distilled water and 0’2 ml. of various dilutions inoculated 
subdurallv into guinea-pigs. A typical titration with the jackal strain virus is given in 
Table I 

Tablb I. 


Titration experiments u'ith cultures of jackal (J) strain virus. 
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Note . — ^.All cliUitions are calculated on the ba'^is that the undiluted culture represents .1 1 in 1,000 dilntioru 
of the vini«. 

*G'S = Guinea-pig paralysed on the sixth day and died on the eighth day. 

S = Guinea-pig remained ircll. 

— = DUntion not tested. 

The results indicate that the highest concentration of the parasite was reached in the 
12 -hour culture. 

2. Paris strain of rabies fixed rirus.—X series of titration experiments were carried out 
with cultures of the Paris strain of rabies fixed virus. Vlten fresh brain tissue was omitted 
from inoculated cultures containins brain extract and serum with or without glucose and 
Tyrode I- there was no evidence of multiplication of the virus. On the contrary, the virus 
content of the cultures appeared to diminish steadily and after 24 to 48 hours undiluted 
cultures were not infective. 

Titration experiiuents were cairied out with media containing brain extract and fresh 
nerve tissue, but without the addition of serum. The virus was not demonstrable in the 
cultures after 24 liours indicating that serum is necessary for its survival and multiplication. 

Cultures oi fixed virus in media containing 1 per cent sheep-brain extract and 10 per 
cent sheep seruni have mven consistently good results. The results of a tvpical experiment 
are given m Table II. - 1 i 
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Note . — All dilutions are calculated on the basis that the undiluted culture represents a'l in 1,000 dilution of the virus. 
0/8 = Guinea-pig paralysed on the sLxtfi day and died on the eighth day. 

S = Guinea-pig remained -well. 

— == Dilution not tested. 



' It will be seen from Table TI that the concentration of the virus increasecl steadily up to 
12 hours, after which it steadily decreased. The highest concentration of the virus obtained 
ill cultures was eight times that present in the original inoculum. 

Erperimcnls vilh rabies-neutralizing serwHi.— When serum capable of neutralizing fxed 
virus in vitro, collected from patients. who had undergone antirabic treatment, was added to 
the cultures of fixed vims and the jackal (J) strain virus, the parasites were not found in 
smears of the cultures. 

One ml. of a 4-hour culture of rabies fixed vin\s showing the presence of the parasite was 
mixed with one ml. of rabies-neutralizing serum and incubated at 37°C. for two hours. The 
mixture was inoculated into guinea-pigs, all of which remained alive and well. On the other 
hand, the culture virus diluted with normal human serum was found to be infective. 


DISCUSSI0^^ 

It will be clear from the observations recorded that it is possible to cultivate the 
protozoal parasite of the central neiwous system described by the author (Veeraraghavan, 
1944) in vitro in a simple liquid medium containing sheep-brain extract, sheep serum and 
fresh young guinea-pig brain tissue. ^Vhen fresh nerve tissue was omitted from the medium, 
cultures inoculated with the parasitic material did not show the presence of the parasite and 
proved to be avirulent within twenty -four to forty-eight hours indicating that fresh nerve 
tissue is essential for the survival of the parasite. ...^In the medium containing sheep-brain 
extract and sheep serum, the spore forms of the parasite were most commonly seen, while 
other stages were found only in small numbers. The addition of glucose to the medium did 
not appear to influence the prevalence of the various forms observed, although various 
concentrations were tried. But, when Tyrode solution without sodium bicarbonate was 
added to the medium, spore forms were found only in small numbers, while other forms 
predominated. The morphological appearances of the parasite and the method of multi- 
plication were those of a protozoan. 

The evidence of multiplication of the parasite in the medium is based on the following 
observations : (1) Smears of uninoculated culture media incubated at 37°C. did not show the 
presence of the parasite. The parasite was not found in smears of the media immediately 
after inoculation with the clear supernatants from centrifuged suspensions of the parasitic 
material, but all the stages of the parasite were demonstrable in incubated cultures. (2) The 
cultures showing the presence of the parasite were infective in much greater dilution than the 
original inoculum when titrated in animals. The only other explanation of these findings 
which might be considered is that, following manipulation in cultures, the virus may, 
as the result of lysis of the brain cells, become more readily ‘ available ’ or more invasive in 
character. 

The exact mode of multiplication of the parasite in the medium is not clear. The spore 
forms of the parasite were occasionally found in the cytoplasm of nerve cells of the guinea- 
pig inoculated into the medium. But the other forms of the parasite were seldom found 
within the cytoplasm of the nerve cells. These observations suggest that the spores might 
undergo intra-cellular proliferation and be set free in the medium as a result of the 
disintegration of the cell. The further development of the parasite might take place in the 
medium. On the other liand the appearance of the groups of spores in the supernatants of 
the cultures as early as an hour after inoculation suggests the possibility that the development 
t!'®. .'i^ight take^ place in the medium itself outside the nen'e cells. The presence 

of living cells in the medium, however, appears to be essential. 

The following evidence indicates that the protozoal parasite is the letiological agent in 
rabies : (1) The parasite was not demonstrable in cultures inoculated with suspensions of the 
rabbits, sheep and dogs which showed no evidence of rabies infection. 

• 1 P^'rasite was regularly found in cultrues inoculated with the strains of rabies virus 
^.%-f jackals showing the presence of the parasite. Guinea-pigs inoculated 

y,i ti the cultmes died of rabies and the parasite was demonstrable in their brains. Cultures 
mocu a ed with suspensions of the brain of these animals showed the presence of the 
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parasite. (3) The cultures of Berkefeld V and N filtrates of some strains of virus isolated from 
dogs and jackals showed the presence of the parasite, f'he parasite was also demonstrable 
in the brains of animals which died as a result of inoculation with the cultures. (4) The 
parasite was regularly encountered in cultures inoculated with any strain of street virus. 
(5) The parasite was demonstrable in cultures inoculated with the Paris strain of rabies /xei 
virus maintained at this Institute as well as the same strain of virus maintained at other 
institutes in India. The virus after cultivation in the medium was infective in much higher 
dilution than the original inoculum when titrated in animals. The schizont stages of the 
parasite and Negri bodies were encountered in the mid-brains of guinea-pigs inoculated with 
the culture virus. (6) Cultures of the Berkefeld V and N filtrates of the Paris strain of rabies 
fixed virus showed the presence of the parasite. The inoculation of the cultures of the filtrates 
into animals reproduced the infection. In some instances the filtrates immediately after 
filtration did not prove to be infective but after cultivation were found to be infective. 

(7) The cultures of the Paris strain of vahies fixed virus showing the presence of the parasite, 
after filtration through Berkefeld V and N candles, proved to be infective. The parasite was 
demonstrable in cultures inoculated with the filtrates. The schizont stages of the parasite 
and Negri bodies w'ere found in the mid-brains of animals inoculated with the filtrates. 

(8) The parasite was not found when known rabies-neutralizing serum w^as added to the 
culture medium. Cultures of the Paris strain of rabies virus showing the presence of the 
parasite were not infective to guinea-pigs after being mixed with serum known to neutralize 
rabies virus and incubated for two hours at 37°C. 

Summary. 

1. A simple medium containing sheep-brain extract, shee]^ serum and fresh young 
guinea-pig brain has been described for the in vitro cultivation of the protozoal parasite of the 
central nervous system previously described by the author. 

2. The morphological appearances of the parasite and the method of multiplication in 
vivo and in vitro are those of a protozoan. 

3. Cultures showing the presence of the parasite were fomid to be infective in much 
higher dilution than the original inoculum. 

4. The parasite has never been encountered in the brains of normal guinea-pigs, rabbits, 
sheep and dogs, or in cultures of them. 

5. The parasite has been observed regularly in cultures inoculated with the Paris strain 
of rabies virus and with all of the strams of rabies street virus so far investigated. 

6. Piltration experiments with Berkefeld Y and N candles have been desciibed ; these 
experiments indicate that certain stages in the development of the parasite in cultures are 
‘ filtrable ’. 

7. These findings provide further evidence in support of the view that the protozoal 
parasite described is connected with the aetiology of rabies. 
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Addendum.— Later work has shown that the following medium can bo successfully used for the cuUwa^ 
of the protozoal parasite in vitro with better results. Sheep-brain extract (1-0 per cent), 60 ., 
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Jjei- cent), 10 ml. ; j-cptone (I'o per cent), 10 ml. ; sheep serum, 1 ml. ; and distilled -water, 9 ml. ^ust before 
inoculation of the medium Mith the virus an emulsion of the brain of one guinea-pig in 6 ml. of distilled -water 
is added to every 45 ml. of the medium. With the above medium all the stages of the parasite can be demon- 
strated in cultures of the Paris strain of rabies Jia:ed virus and other strains of rabies street virus so far investigated. 
The concentration of the rabies Jixed virus obtained in cultures, using the above medium, is much higher than that 
reported in the paper. A dilution of 1 in 450,000 of the culture virus proved to be readily infective in guinea-pigs 
compared -with the dilution of 1 in 80,000 previously recorded. The utilization of this method of cultivation for 
the preparation of a culture vaccine is in progress. 


N. Veerakaghavan. 
22Hd September, 1943. 
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IXTEODUCTIOX. 

Although the occurrence of Negri bodies in the lirain is regarded as definite evidence of 
rabies infection, failure to demonstrate these bodies, while providing strong presumptive 
evidence against rabies, leaves the diagnosis in doubt and necessitates the issue of an 
inconclusive report. The result of the biological test with the suspected rabid material 
may not be Imown before three months and, therefore, proves to be of little or no value in 
assessing the need for the treatment of bitten persons. It is evident that a rapid and 
reliable 'inethod for the diagnosis of rabies in animals would satisfy a need of primary 
importance. 

A protozoal parasite of the central nenmus system was described by Yeeraraghavan 
(1944) and the possibility of the parasite being connected with the letiology of rabies was 
discussed. Yeeraraghavan (1945) succeeded in cultivating the parasite in vitro in a simple 
liquid medium containing brain extract, serum, and fresh nerve tissue. The various stages of 
the parasite were never observed in cultures of the brains of healthy animals, but were 
regularly demonstrable in cultm-es of the brains of animals which died of natural or 
experimental ralhes infection. The possibility of utilizing the technique of cultivation in 
the rapid diagnosis of rabies was investigated. The results, which have been found to 
be satisfactory, are given in this paper. 

IIIatebials aud methods. 

The routine procedme adopted at the Pasteur Institute, Coonoor, for the diagnosis of 
rabies is as follows : A portion of the brain of the animal suspected to be rabid is sent to the 
Institute in a solution containing three per cent potassium bichromate and half per cent glacial 
acetic acid, and another portion is sent in sterile fifty per cent glycerine. Owing to the 
present diliiculty of obtaining supplies of glycerine, veterinary surgeons have been requested 
to send specimens for biological test in half per cent carbol-saline instead of fifty per cent 
glycerine. The preservation of rabid brain tissues in half per cent carbol-saline was suggested 
by Olah (1938), and has been found to be quite satisfactory. Specimens sent in the acetic- 
bichromate solution are almost fixed by the time they reach the Institute from out-stations. 
A thin -slice of the hippocampus major is crushed under a covershp and examined. JNegri 
bodies, if present, can be readily identified within the cytoplasm of the nerve cells. If the 
brain is positive, further examination is not carried out. If Negri bodies are not found, a 
portion of the hippocampus major is dehydrated, cleared, embedded in paraffin, sectioned, 
stained with Mann’s stain overnight and examined for the presence of Negri bodies. Eor the 
biological test, which is carried out only when Negri bodies are not found, a suspension of the 
brain of the animal in glycerine or carbol-saline, if not highly decomposed, is inoculated into 
the neck muscles of a guinea-pig and the animal kept under observation for a period of three 
months. If the animal dies during the observation period, its brain is examined for the 
presence of Negri bodies. But, if the animal remains well at the end of three months the 
result of the biological test is reported as negative. 

The above routine procedures were carried out in parallel with the cultural method to be 
described. The medium and the method of cultivation were as described by the author (1945). 
The medium contained six parts of one per cent sheep-brain extract, one part of sheep serum 
and two parts of distilled water. Guinea-pig-brain extract with guinea-pig or sheep serum 
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way also be used. _ Eight lul. of the medium were placed in an ordinary medium-sized test- 
tube. Just before inoculation, ten drops of an emulsion of fresh nerve tissue obtained from 
a young guinea-pig, one or two days old, were added to the medium. A tu'enty per cent 
emulsion of the' brain of the animal suspected to be rabid was centrifugalized for half an hour 
at 3,000 r.p.m. and two ml. of the clear supernatant inoculated into the medium. It was 
found that OA ml. of the clear supernatant inoculated into 1-6 ml. of the culture medium gave 
equally good results. An uninoculated medium, a medium inoculated with the brain of an 
animal known to be rabid and another inoculated with the brain of a healthy airimal were 
always run as controls. The inoculated media and the uninoculated control were shaken well, 
the nerve tissue allowed to settle down, and smears made from the supernatants. The 
cultures were then incubated at 37°C. Smears from the supernatants of the cultures were 
made after one, two, three, four, six and eight hours. After making the smears the cultures 
were shaken well and replaced in the incubator. In practice it was found that the 
examination of the smears of the 6- and 8-hour cultiu’es Avere seldom necessary. The smears 
were stained with Qiemsa’s stain for one hour, dried and examined under the microscope. 


Results. 

The various forms of the parasite encountered in cultures of rabid brains has already been 
described by the author (1945). Collections of .spores Avere found as early as one hour after 
incubation. They were found in largest numbers in smears of the 3- or 4-hour cultures. The 
other stages of the parasite Avere seen in comparativeh'^ smaller numbers in cultures using the 
aboAm medium. 

Smears of the miinoculated media run as controls did not shoAV the presence of the 
parasite. 

Culture media inoculated Avith the brain suspensions of fifteen dogs. tAvelve guinea-pigs, 
six rabbits and fom sheep, AAdiich show^ed )io evidence of rabies infection, did not shoAv the 
presence of the parasite. Negri bodies were not found in the hippocampus major, cerebellum 
and mid-brain of these animals. 


The brains of tAventy-five dogs, tA\'o cats, one goat and one bull-calf, suspected to have 
died of natural rabies iiiiection, Avere studied. Among these Negri bodies Avere found in 
crushed specimens of the hq)pocainpus major in tAvelve dogs, tAVo cats, one goat and one calf. 
Negri bodies Avere seen only after sectioning the hippocampus major in six dogs. The brains 
of five dogs did not .show the j)resence of Negri bodies and Averc re})orted as inconclusive ; out 
of these, the biological te.st showed the brains of four dogs to he poshive for rabies. 
Tbe brains of tAA'o dogs Avere highly decomposed and unsuitable for reliable inicroscopical 
examination and biological test. 

Using the technique of cultivation described, the folloAving result.s Avere obtained Avitli 
the above brains : — 


1. The brains of all the animals, Avhich Avere declared to be positive for rabies mfection 
after examination of either crushed specimens or sections, shoAved the presence of the parasite 
in cultures. 


2. Out of the five dog brains, Avhich AA'cre declared to be iucOiiclusivc after nucroscopical 
examination of sections, four'” [moved to be positiAm by culture ; the presence of rabies infection 
in those 4 dogs was latex confirmed by the biological test. - 

3. The brains of tAVo dogs, Avhich Avere highly decomposed and reported upon as unsuited 

for examination, proved to be positive by culture. The centrifugalization of the decomposed 
brain for half an hour seemed to deposit most of the bacteria, so that 'I 

encountered in smears of the cultures up to the fourth hour. However, _ the b- ana 
8-hour cultures generalh’’ showed the presence of bacteria, their number haA^mg mcrea 
after this longer period of incubation. The culture method renders the examinatio 
of even grossly decomposed brains possible. A summary of the results is saovn 

the Table. 
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I'ABLIi. 


Diugiwsis of rabies in animals com2)are(l by methods commonly used and by culture. 
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The brains of auiiuals which died of exijeriniental rabies infection were studied. Tlic 
cultures of the brains of six guinea-pigs,' which died as a result of infection with various strains 
of rabies street virus, showed the presence of the parasite. The^ parasite was encountered in 
cultures of the brains of six rabbits and six sheep inoculated with the Paris strain of rallies 
fixed virus. 

Discussion. 

The technique of cultivation described affords a simple and rapid method for the diagnosis 
of rabies in animals, the result being obtained within a few hours. The method appears to 
be as delicate as tlie biological test, the results of wliich may not be laiown for as long 
as three months. AVith the technique described, it is possible to examine brains which are 
grossly decomposed and unsuitable for microscopical e.xamination or biological test. 


SUMM.VRY. 

A rapid and delicate method for the diagnosis of rabies in animals is described. 
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Several observers liave remarked that there is considerable variation both in the 
total incidence and in the tj'pes of cancer in different parts of the world. It may, therefore, 
be expected that geographical differences may reveal a disproportionately high incidence of 
cancer in some races and relative immunitj- in others. If such differences could be shown to 
be real and not apparent, they may suggest lines for a further study of the habits of the people 
and their envhonment. Unfortunately, much of the laboriously gathered material on this 
point suffers from shortcomings which render it unsuitable for detailed^ analysis. In luany 
cases the investigators have attempted to fit their facts into preconceived opinions, hor 
instance, an idea had gained wide currency that cancer is a disease of the civilized races or the 
inhabitants of Western and Middle Europe. The European observers, therefore, could see very 
little cancer in the rest of the world, as compared to Europe ; and even among themselves 
they discovered more cancer among their own countrymen. Many theories on the nature 
and causation of cancer have thus emanated from ideas based on prejudices. 

There are two principal sources of information on the prevalence of cancer in India. The 
first is derived from the experience and impressions of medical men attached to hospitals in 
different parts of the country. This information would be valuable if the experience of these 
men had extended over a period of years and particularly if they have had previous experience 
in institutions abroad, where cancer is studied and treated more carefully. In this country 
the data obtained from different hospitals are often contradictory and sometimes conflicting. 
Megaw and Gupta (1927), in an attempt to discover the geographical distribution of some of 
the diseases of IncUa, collected some quaint information regarding cancer. For instance, 51 
out of 202 civil smgeons reported that cancer of the skin was unknown in their locality. 
Seventeen made a similar statement regarding breast, 30 for uterus, 120 for stomach and 43 
for cancer of the mouth (one of the commonest types of cancer here). These are very 
surprising statements, but a visit to the clinics in mofussil hospitals would convince any 
impartial observer that most of the out-patient work is very perfunctory and that medical 
officers have hardly any opportunity of seeing, much less examining carefully, most of their 
hospital patients. During a recent tour we had the opportunity of seeing medical men in 
district hospitals examining, recording and prescribing single-handed for nearly 300 patients 
in the course of a morning. 


The missionary^ doctors spend more time over their patients, but unhappily the meagre 
diagnostic facilities imposed upon them by.‘ the dictates of the budget ’ do not permit a pathol- 
ogical exainination of the suspected materials. It is more than likely that several cases of 
malignant disease of the inaccessible and intermediate regions of the body are missed by them. 
However, the experience of mission doctors at Kashmir, Miraj, Neyoor, Mffii and Venvmla 
suggests that they see ‘ much cancer in their patients ’ (Hoffman, 193G). ° 


More reliable information is obtainable from the big institutions in the country which 
undertake the teaching of undergraduate and post-graduate students in medicine The 
opinions of three we I-known teachers from widely separated regions may be cited in this 
connection : Bradfield (1930) from the Madras Medical College states ‘ formerly we have 
commented on the comparative rarity of cancer of the breast, but during the past year this 
belief has been upset and suggests that there is a tendency for women to conceal the disease 
. . The statistics bear out, what has been reported before, that the incidence of malimiant 
disease is veU' modi the same in feouth India as it is in otlier parts of the world ’. Visliwa Nath 
and Greval (1933) from King Edward ^ledical College. Laliorc, .«tate that ‘ The malignant disea^^e 
IS no^mcommonm India. . .considering that hospitals with in-patient accommodSion 
m India are few and far between, that morbidity in the country as a whole is high, and that onh- 
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a small proportion of the sick attend the hospitals, it will not he an nnwanranted speculation 
to state that the incidence of cancer in India stands at a hgure not far removed from 
its incidence in the "West Tlie impressions of Leonard Rogers (1925) regarding the incidence 
of cancer in Calcutta are summarized in his Finla 3 ’son lectures delivered at Glasgow hi 3925, 
He was of opinion that ‘ malignant tumours, including both connective tissues and epithelial 
types, are about equally common in Bengal and England, with a slight excess in the tropical 
country h This opinion of his was based on a long and Inilliant career as a physician and 
pathologist at the commencement of this century in Bengal ; and on a comparison of 1,067 post 
mortems at the Calcutta hledical^ College Hospital ivith l-,000 post mortems at St. Clary's 
Hospital in London. His analysis showed an autopsy rate of 4-59 per cent in Calcutta'as 
compared with 13-8 per cent in the London records. The diiTerence in the |)i'oportion he 
thought could be partly accounted for by the comparatively lower age of his cases. Our own 
impressions are based on an experience ol nearlv ti\mnty years’ work in Bombay and of five 
years in the Department of Pathology in the University College Hospital, London. We are 
in essential agreement with the opinions of the observers in hfadras, Lahore and Calcutta. 
However, as human impressions are apt to be misleading it is better to have them tested by 
the available statistical information. Accordingly, we have analysed the autopsy records of 
the King Edward Memorial Hospital, Bombay, during the last ten years. 

The hospital which was opened in 1920 has an average annual in-patient attendance of 
13,045 and an out-pabieiit attendance of 018,266. This hospital along with the Nowrosjee 
Wadia Maternity Hospital and the Bai Jerbai AVadia Children's Hospital, each with a comple- 
ment of nearly 150 lieds, is situated in the heart of the industrial portion of the city and 
constitutes the largest medical centre iu the north of the island. The Tata Memorial Hospital 
for the treatment of malignant diseases was opened in 1941 in the immediate vicinity of this 
group of hospitals. Its presence may have resulted in a slight diminution of the cancer cases 
of accessible regions at the K. E. M. Hospital. This short description of the K. E. M. Hospital 
is necessary to furnish a background against which the post-mortem data can be reviewed. 


Tahle I. 

Kinci Edward Vll Memorial Hospital, Bombay (1934-43). 


Total deaths 
hlales 
Females 
Total autojjsies 
Hales 
■ Females 


11,35(5 {73‘30 per cent) 

3, -107 (2()-70 „ „ ) 

3,196 (SI-55 „ „ ) 

723 (18-49 „ „ ) 


Tropical disease 
Males 
Females 

Malignant disease 
Males 
Females 

Clinical diagnosis of cancer 
• No cancer at autopsy (C) 


296 (SC-79 „ „ ) 

45 (13-19 „ ) 

no (09-60 „ „ ) 

48 (29-80 „ „ ) 


Autopsy diagnosis of cancer 
Cancer not diagnosed (0) 


* After omitting tropical diseases from total autopsies, 
(C) Errors of commission. 

(0) Errors of omission. 
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12,703 


3,919 


341 (S-G9 per cent). 


I5S (4-41 „ „ 1 * 


105 

16 (16-24 „ » )• 

158 

69 (43-04 „ „ )• 


During the ten-year period 193'l-43 there rrere 12.763 deaths at the hospital and an 
autopsy c.vamination was carried out on 3,919 (30-74 per cent). The proportion among the 
total dead was 2-S males to 1 female, and among the autop'sied 2-3 to 1. 'There was thus no 
disproportionate selection of any particular sex Out. of the 3,919 autopsies which -vs'crc per- 
formed either under mv personal direction or that of my successor, there were 341 cases which 
could be classified as due to tropical diseases and 158 as due to malignant disease or cancer. 
It is of interest that the proportion of cancer deaths to total deaths, after omitting those due 
to tropical disease, is 4-41 per cent as against 4*59 per cent mentioned by Leonard Eogers for 
the Calcutta liledical College Hospital on the basis of 1,600 post-mortem examinations. This 
proportion closely approximates the number of cancer autopsies -(2 71 out of a total of 5,963 
during the years’l926-36) reported from the Pathological Institute of Belgrade University by 
Miletitch (1938), giving a percentage of 4-56. In presenting these data we are aware that the 
incidence of any particular disease in a locality cannot be determined on the basis of 
the experience of an individual or a group of medical institutions. ‘ Every hospital, to a 
certain extent, is a specialized institution, and with regard to cancer, attracts certain types of 
malignant disease more than others on account of special facilities for treatment ’ (Hoffman. 
he. cit.). This is particularly noticeable in the autopsy material, as patients grievously ill 
with cancer of accessible regions of the body prefer to go home and die when they or their 
relatives realize that a cure would not be possible. There is also a further selection by the 
medical men who avoid admitting, as in-patients, persons who are too far advanced for any 
effective treatment, and who. if admitted, would occupy much needed beds for a long period 
of time. It is our unfortunate experience that many cases are seen in a very late stage of 
disease and do not find a place in ho.spital records. The hospitals attached to medical colleges, 
however, possess certain advantages for a study of this type : (1) They have at their disposal 

most of the modern means for accurate diagnosis such as biochemical tests, tissue investigation, 
endoscopic exploration and a;-rav examination. The accuracy of clinical and autopsy 
diagnosis of the common types of cancer would, therefore, be approximately the same at 
all these places. (2) As these institutions impart basic instruction to medical students the)' 
strive to admit as large a variety of cases as possible. They, therefore, tend to represent a 
fairly accurate cross-section of the disease in that locality. The data collected from an isolated 
institution thus become much more valuable when they are studied along with inforniation 
from similar institutions in the same or other countries. 


The second source of information is the vital statistics of the country. Mlien one 
attempts to investigate the frequency of cancer in India on the basis of the vital stati'^lics 
published bv official agencies one immediatelv encounters serious difficulties. There is plenty 
of information on matters such as individual institutions, medical services, disease and 
pestilence, although very little comparable and well co-ordinated data are available about the 
general health of the people. It is evident that, in order to obtain a reliable estimate of the 
health conditions Oi a people, it is necessary to obtain sufficiently accurate facts on the following 
points: (1) The population of a given locality at any particular time, f2) the number of births 
during each succeeding period, (3) the number of deaths, and the sex and age composition, and 
finally (4) a reasonably accurate statement about the cause of death. 


Information regarding population is available from the decennial Census Deports of India. 
This information may be regarded as being fairly reliable for the principal cities durin" the 
Census of 1921 and not so reliable for 1931. The recorded number of births and deaths is also 
probably acciuate for the hig_ cities but inaccurate in outlying districts of Sind, X.-W. F, 
Provinces and Assam. The main difficulty, however, lies in discovering the real cause of death. 
Both m the urban and in the rural areas the nature of the official organization is such that it is 
difficult to get accurate information about the cause of death in most cases. The conditions, 
except in a few big centres in India, are reminiscent of those obtaining in the 17th century in 
Europe At that time the London Bills of 3Iortality were compiled bv parish clerk': who also 
entered the cause of death which was discovered by official searchers. Thev were generallv 
iguorant of even the elementary notions of medicine. In most parts of India even to-dav the 
village watchman (chowkidar or kotwal) ‘ is the diagnostician who reports to the nearest police 
station once or twice a inontli the deaths ocemring in his area and the causes as helmows 

T 1 C,’-® the foundation of Indian Vital Statistics ' (Vishwa Hath. 

Lall and Singh. 193o). Two factors noticeably dimimsh the value of the records of death 
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{rom cancer in most countries but particularly so in India. The first is the inherent difficultv 
of diagnosiu" cancer correctly in many case.s even 1iy trained medical men. Most types of 
cancer are diseases ’of slow and insidious evolution and do not obtrude upon a superficial 
observer ])y characteristic symptomatology. This is very well shown )w the records of sonic 
institutions where the cause of death was later verified at autopsy. In tlie 1,249 cancer 
autopsies out of a total of 8,500 studied by de Vries (1927) in Amsterdam, malignant disease 
was not diagnosed in 249 (20 per cent) and was wrongly diagnosed in 102 cases, in which no 
cancer was found at autopsy. Similarly, in the 3,712 autojisics performed by Wells (1923) in 
Chicago, there were 545 cases of malignant disease of which 178 had not been diagnosed 
clinically. The errors of omission and commission in the 3,919 autopsies studied by us is 
shown in Table I. The opinion of Wells in this connection is worth reflecting upon. ‘When 
we find diagnostic errors ranging from 25 to 40 per cent in patients who have been examined 
in modern hospitals in Germany, England and America, with the advantage of exploratory 
operations, roentgen rays and laboratorj’- .studies under the most competent medical men in 
the community, it is certain that the diagno.stic errors made throughout the country at large 
must be even greater \ This clearly indicates the degree of importance to be attached to the 
cancer mortality rates of 20 to 25 per 100,000 living population (Hoffman, he. cii.) returned 
by different medical officers of health in some of the principal cities in this country, in most 
cases without an autopsy or a detailed clinical examination. 

The second factor for consideration which reduces the value of official data is that Indian 
Vital Statistics ignore the existence of cancer, ‘because the disease has not yet come within 
tbe cognizance of village chowkidar who reports on causes of death in rural areas, and in urban 
areas the certification of death b)’' registered medical practitioners has not yet become 
obligatory ’ (Vishwa Hath and Grewal, loc. cit.). Fortunately for this inquiry the Admin- 
istrative Reports of the Municipal Commissioner of the City of Bombay (1 931-40) give a 
tabulated statement of the number of certificates of the cause of death received from different 
persons ; and the percentage of total certificates of death received, to the total reported 
mortality. It appears from Table II that only 37*56 per cent of all deaths in Bombay are 
certified by persons who have any acquaintance with medicine. It will also be evident that 
all deaths reported as ))eing due to cancer in tlie city of Bombay mu.st be in the group 
of certified deaths. 

Table II. 


Certification of causes of death. 


Year. 

Total 

deaths. 

Number 

OF CERTIFICATES 

OP THE 

CAU.SE OF DEATH RECEIVED 

FROM 

PorcentaRC of 
■ total certificates 
received to the 
total mortality. 

Medical 
officcr.s 
of liospital.s. 

Private 

medical 

practitioners. 

Hakims 

and 

Vaidyas. 

Commissioner 

of 

Police. 

Coroner 

of 

Bombay. 

Total. 

1931 

25,105 

4,213 

3,484 

10 

128 

021 

8,456 

33*68 

1932 

22,856 

4,031 

2,963 

9 

170 

831 

8,004 

36*02 

1933 

27,171 

.5,111 

3,452 

19 

135 

757 

9,474 

36*06 

1934 

27,308 

5,338 

4,174 

10 

179 

762 

10,469 

38*26 

1935 

29,287 

6,134 

3,408 

25 

218 

835 

11,280 

38*51 

1936 

29,931 

6,280 

3,036 

9 

200 

940 

11,071 

36*98 

1937 

30,768 

6,478 

4,329 

IS 

181 

924 

11,930 

38*77 

1938 

35,999 

‘ 7,698 

4,586 

39 

219 

1,076 

13,618 

37*83 

1939 

30,520 

7,105 

3,887 

6 

166 

1,025 

12,189 

39*94 

1940 

29,100 

7,036 

3,772 

12 

117 

1,179 

12,116 

41*60 


Ifc would be safe, therefore, to assume that the number of deaths due to cancer would 
probably be in the same proportion in the uncertified group, as in the certified. The total 
deaths due to cancer in Bombay would, therefore, probably be 2-66 times the number reported 
in official figures. Table III gives the estimated populalaon for the city of Bombay (Census 
of India, 1941), the total cancer deaths during the ten years 1931-40 as given in the 
Administration Eeports of the Municipal Commissioner, and the age specific death rate. 

Table III. 


Bombay oily estimated foiyulation and cancer deaths {all forms, all sites). 


Age group. 

EsTEMATED POPTItiA.TIOS 
(1.931-40). 

Total caxcer deaths 
(1931-40). 

X 

Age specific 

DEATH HATE. 

^ 

jMales. 

Females. 

Males. 

Females. 

Males. 

Females. 

0—19 

256,665 

205,036 

46 

28 

IS 

1-4 

20—29 

247,133 

129,421 

75 

49 

3-0 

3-8 

30—39 

203,625 

77,393 

201 

144 

9-6 

18-5 

40—49 

83,039 

37,247 

464 

256 

52-7 

68-7 

60—59 

31,231 

19,928 

485 

259 

155-3 

130-0 

60—69 

9,000 

7,750 

250 

175 

277-7 

225-8 

70 and over 

3,773 

3,335 

157 

109 

416-2 

320-9 


Table IV and Figs. 1 and 2 show the mean annual mortality from cancer per 100.000 
living persons arranged accbrdingto sex and age .groups. 


Table IV. 


Cancer {all forms, all sites) mean annual mortality -per 100,000 living at 

different age groups. 


Age group. 

New York. 

London. 

.Age group. 

Bombay. 

Bombay 

(corrected). 


Males. 


0—24 

4-4 

3-9 

0—19 

1-8 

4-S 

2.5—34 

12-S 

14-S 

20—29 

3-0 

8-1 

3o — -44 

oj'S 

51-3 

30—39 

9-0 

2,5-6 

45—474 

232-7 

203-0 

40^9 

52-7 

140-4 

.55 — 64 

63.9-4 

536-1 

50 — 59 

155-3 

413-4 

65 — 74 

1.210-9 

937-1 

60—69 

277-7 

739-0 

75 and over 
/ 

2.051-4 

1,102-1 

70 and over 

416-2 

1,108-1 
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Table IV — concld. 


Aao Ki'oiii). 

New York. 

London. 

.\g<' glOll]). 

IJoinbay. 

Bombay 






(corrected). 


Females. 


1 

o 

3-8 

3-0 

0—19 

1-4 

3-6 

2.5—34 

23-5 

17-3 

20—29 

3-8 

10-1 

35—44 

97-8 

S4-3 

30—39 

18-5 

49-2 

45—54 

277-9 

241-9 

40—49 

08-7 

183-0 

5.5—04 

577-1 

453-2 

50—59 

130-0 

340-0 

65—74 

980-0 

730-0 

00—09 

225-8 

COl-2 

75 and over 

1,009-7 

981*4 

70 .and over 

320-9 

870-4 


Mean annual cancer morlalily per 100.000 Mean annual cancer mortality per 100,000 
living at each age group. living at each age groujJ- 



It is remarkable that the mimlmr of cancer deaths in Bombay city modified as above 
closely approxinmtes those in London and in New York (Duffield and di iMario = 
Bemstrar-General of England and Wales, 1921). An objection might be raised that t le 
nnmber of cancer deaths in Bombay city wmdd be disproportionately high becaiise oi tne 
influx of many people suffering from malignant disease who gravitate from long distances w 
wards the city in search of efficient treatment. This is a valid objection, but our 
shows that Ahongi many people come into the “V,rSnLrot a cure 

back to their home 


are meagre. 


Fig. 


many peuuie ouuic luiw ..... — , . 

towns to die, wlien they have been told that the oApees <)f a cu e 
also shows that the population of the city is disproportionatelj h g 
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the age groups 20 to 40 because of tlie large inflow of able-bodied men for employment in 
niany^of its industries and that there is a big exodus to then- natiye places of men over 40, when 
cancer begins to occupy a prominent place in the list of causes of death. 


Table V. 


Age in years :■ — 

1-10. 

11-20. 

21-30. 

31-40. 

41-50. 

51-60. 

.r, i 

99,186 

118,742 

216,827 

195,820 

75,708 

23,553 

Male ... -|^ 

2,88.5 

483 

692 

842 

1,930 

5,224 

f 

81,847 

82,612 

115,293 

68,606 

31,894 

16,937 

'F'emale . . . -|^ 

3,653 

877 

1,397 

1,.560 

2,030 

3,555 


Persons living in Bombay city 
(1931) a7i(l mean antnial mortality 
'per 100,000 limxg in each age 

grovpt (1931-40). 



iVn average intelligent person is more interested in knowing his own chances of escapin 
or dying from cancer, than in the mean annual mortality from it. Table VI and Fm. 
show the probability of eventually -dying from the two diseases, cancer and tuberculos^ in 
Bombay city and U. S. A. 
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Table VI. 

Prohahilitij of eventually dying of cancer and tuberculosis. 


Aos Jif yjsjias. 

Sex and disease. 




10. 

20. 

30, 

40. 

50. 

00. 

70. 

80. 

90. 

Males : 











Cancer ... j 

f Bomba3' 

0-0529 

0-0546 

0-0661 

0-0781 

0-0741 

0-0561 

... 

... 

... 

U, S. A. 

0-0865 

0-0887 

0-0922 

0-0961 

0-0991 

0-0969 

0-0823 

0-0570 

0-0324 

Tuberculosis ... j 

Bombay 
[ U. S. A. 

0-2825 

0-0642 

0-2845 

0-0621 

0-2488 

0-0518 

0-1779 

0-0418 

0-1046 

0-0317 

0-0530 

0-0223 

0-0133 

0-0066 

0-0022 

Females : 











Cancer ... | 

r Bombaj' 

0-0419 

0-0465 

0-0617 

0-0710 

0-0631 

0-0433 

... 

... 

... 

[ U. S. A. 

0-1196 

0-1223 

0-1271 

0-1297 

0-1255 

0-1126 

0-0903 

0-0617 

0-0377 

Tuberculosis ... - 

j" Bombay 
[ V. S. A. 

0-3.560 

0-0570 

0-3323 

0-0516 

0-2159 

0-03S1 

0-1078 

0-0289 

0-0499 

0-0222 

0-0248 

0-0171 

0-0119 

0-005S 

0-0022 


This table is calculated from the data published for the United- States (Registration States), 1924 ; from 
Dublin L.I. S.G.O., 1927, Supplement 2, page 279 (10) ; and for Bombay city (1931-40), computed from tlie 
Adm. Reps. Mun. Commr., City of Bombay, 2, 1931-40 (1). 


Probability of eventually dying of tuberculosis 
or cancer. 

Bombay city U. S. A. 



lO 70 SO 40 90 60 10 tO SO 40 90 60 tO BO 90 



Fig. J:. 
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The differences in the death rates between the two localities emphasize the importance oi 
examining the age composition of a population when dealing with frequency of deaths due to 
a disease like cancer. A difference in the age composition of different localities may explain 
to a certain extent the 4-5 per cent cancer' cases in our autopsies as against 13 to 15 per cent 
in European figures. 

It is worthwhile looldng little more closely at this question of age composition of our 
population. The Statistical Year Book of the League of Nations (1939-40) gives interesting 
life tables about different countries. It will be seen from Table VII, which is based on the 
information contained in that book, that out of every 100,000 males born in India only 29,000 
live to the age of 45 and out of 100,000 females only 26,000. The corresponding figures for 
England and Wales and for the U. S. A. are 78,000 and 82,000, respectively. 


Table VII. 




Life table : 

Number surviving 

out of 100,000 

born. 


Age. 

India (1931). 

England and Wales 
(1930-32). 

u. s. 

A. (1929-31). 

Males. 

Females. 

Males. 

Females. 

Males. 

Females. 

1 

75,126 

70,766 

92,814 

94,545 

93,768 

95,037 

6 

00,161 

62,817 

90,069 

92,024 

91,738 

93,216 

10 

56,467 

59,369 

89,023 

91,082 

90,810 

92,466 

15 

54,112 

56,757 

88,360 

90,420 

90,074 

91,894 

20 

51,203 

52,833. 

87,245 

89,383 

88,904 

90,939 

25 

47,787 

47,932 

85,824 

88,133 

87,371 

89,624 

30 

43,931 

42,075 

84,416 

86,792 

, 85,707 

87,972 

35 

39,461 

37,266 

82,885 

85,353 

83,812 

86,248 

40 

34,563 

31,778 

80,935 

63,690 

81,457 

84,256 

45 

29,439 

26,409 

78,357 

81,660 

78,345 

81,780 

50 

24,348 

21,464 

■ 74,794 

78,958 

74.288 

78,572 

55 

19,476 

17,065 

70,041 

75,290 

68,981 

74,321 

60 

14,933 

13,210 

63,620 

70,204 

61,933 

68,462 

65 

10,773 

9,761 

54,899 

63,046 

52,964 

60,499 

70 

7,036 

6,627 

43,361 

53,144 

41,880 

- 49,932 

75 

3,848 

3,841 

29,665 

40,040 

29,471 

37,024 


This information is fnaphically depicted in Eigs. 5 and 6. The figures show clearlv that 
roughly a quarter of the infants born in India die during the first year ; and this fact has riveted 
the public attention, mainly due to the excellent propaganda by infant w'elfare organizations. 
It would appear, however, that the problem is not viewed in its time perspective, by emphasizing 
infant mortality and neglecting the mortality in the older age groups. This situation wal 
recently described by Hill (1944) in the House of Commons. ‘ The average new-born child in 
India has an even chance of living to 22 ; in Britain and America the same child has an even 
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chance ol living to nearly 70. This is not, as is commonly snpestccl, solely a maiterof ahiffli 
infantile death rate ; it is due to a mortality which is four to eight times higher than ours riaht 
up to the age of 55 Considered from the point of view of the country this is a serious loss 
because it implies a forfeiture of jrearly half its population during the most productive period 
of life. These are the people for whom the family, the community and the state make the 
biggest sacrifices and who in other countries live long enough to prove of inestimable value 
by attaining the full span of their usefulness. It is the age group which supplies in other 
countries men who rule over the destinies of institutions, armies and empires. 


Comparison of survivors at different ages Comparison of survivors at different ages 

per 100 persons horn. per 100 persons horn. 



It may be permissible to digress slightly from the subject and look into the causes of death 
which strike the young men and women at the period of their greatest efi'ectiyeness. Table 
VIII shows some of the principal causes of death which were just as common in London and 
New York hardly 100 years ago as they are in Calcutta, Madras and Bombay to-day. It is 
probable that the death rate for England and Wales in 1746 was about 35 per 1,000 of the 
population. It varied from under 30 in some of the healthy county parishes to about 50 for 
the cit}” of London. It has been stated that of all the children born in London almost 
three-fourths died before reaching the age of five years. Already towards the end of the 
18th century the proportion of children dying in the first five years in London had fallen to 
about 40 per cent of the children born during that period (Cole and Postgate, 1938). i ' 
would be seen that the death rate per 1,000 of the population as well as the infanti e 
mortality in England about the year 1800 closely approximates the figures obtaining m 
British India now. 

Table VIII. 



Cause — sjjecifiG death 

rales per 

100,000*. . 




Calcutta. 

Madras. 

Bombay. 

New York. 

London. 

Puerto Eico. 

Tuberculosis 

270-0 

113-0 

170-0 

47-0 

87-0 

266-5 

Dysentery and diarrhoea 

250-0 

436-0 

252-0 

0-0 

0-0 

41.5-0 

Typhoid 

90-0 

16-0 

40-0 

0-2 

0-4t 

... 

Cholera 

50-0 

0-0 

0-0 

0-0 

0-0 



* Tliis table is based on data given by Grant (1943) and Villard (1944). 
t 1937. 
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The chief diseases of London during last centiir}' according to a book written by 
Bateman (1819) were ‘ malignant intermittent and remittent fevers and just as we find in 
India to-day (Fig. 7) diseases now known as malaria, typhus (goal fever), typhoid (enteric 
fever) and relapsing fever were hidden in the list of malignant fevers. Most of these 
diseases are now known to be associated with dirt, starvation, improper drainage and bad 
water-supply. Whether the dying out of these fevers in England and America in such a 
short time could be attributed entirely to draining of marshes, reclaimmg of land and 
improving the nutritional standards of the people or to some other reasons, it has to be 
accepted that the sequence of events looks temptingly like cause and effect. 


Course of mortality from cancer 
in the death registration states, 
U. S. A. (1900-30). 


Companson of princiiml causes of 



Fig. 7. 


death. 


PtATN MTt 
^ 1000 O*’ 




The proximity to a nation with a very high standard of living or a healthy climate does 
not shield a people from the ravages of disease, following in the wake of intense economic 
exploitation. This is clearly seen in the information available from the American colony of 
Puerto Eico. A death rate 'from diarrhoea and enteritis of 415-5, from tuberculosis of 266-5 
and from pneumonia of 176-1 per 100,000 of the population, as against the corresponding fi^es 
of 14-2, 44-7 and 67-0 for U. S. A. are quite as instructive as the fact that the second large^^t 
cause of death m young women between the ages of 15 and 19, and men between ‘Xj and 31 
is suicide (Villard, he. cit.). It would also be seen from Fig. 7 that epidemic diseases receive 
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an undue prominence in our minds. This is probably so because a sudden attack of pestilence 
causes a greater stir among the health authorities and the people, than does the toll 
levied continuously by insidious disease. 

As regards cancer it is now well knowm that it occurs most often in people more or less 
advanced in years and that the mortality from it rises as the number -of elderly people in a 
community increases (Fig. 8). ‘ So it was in Vienna where between 1923 and 1933 the number 
of inhabitants over 60 years of age was augmented by 40 per cent and the cancer death rate by 
33 per cent ’ (Obeiiing, 1944). This may mean that if as an outcome of the several plans, 
committees and conferences which are meeting everyw^here, wm eventually succeed in 
eliminating most of the avoidable disease in India as others have done in their countries, the 
age composition of our population wdll necessarily change and we shall have to make more 
extensive arrangements for the investigation and treatment of cancer. It is likely that we 
ma)’" be confronted with a new’’ situation, so that with ever)’^ reduction in the mortality in the 
earlier age groups by an improvement in the conditions of life, a larger number of persons may 
be exposed to the menace of malignant disease. 

The facts mentioned so far suggest that the total incidence of cancer in India, Europe and 
America w’ould show little difference if sufficiently accurate statistics W’ere available and that 
any differences that may be apparent would disaj^pear with a greater uniformity of age 
composition of the populations. This should not be construed necessarily to mean that there 
are no racial differences regarding cancer in the human species or that cancer is a constant 
function of the age of the population. Even though it may be shown that the incidence of 
total cancer is approximately the same in most races, it is certain that the incidence of separate 
forms of cancer or rather of various parts of the body is very different in different people. 
The higher frequency of skin cancer among the fair Nordic peoples, and the greater incidence 
of cancer of the body of the uterus in European Jews has been commented upon by European 
observers (Schottky, 1937). The high incidence of ovarian tumours and uterine fibroids in’ 
women, and breast cancer in men, as well as the low incidence of cancer of the exposed skin 
in American negroes has also been noted in several recent publications (Schrek, 1944)._ A 
difference in incidence of cancer according to site is also shown in Eig. 9. It will be noticed 


Annval death fate per 100,000 living of each sc.'i). 


U. S i 

EWLAND 

HOLLAND 

Switzerland 

JAPAN 


HALE PEMALt 
1930 100 IZO 

( 1526 ?' 1 01 SS 

(1908-121 107 106 

(1908-12) 126 ' 122 

9920-24) 11$ tlO 

WtKoieesme tract MM uterus 

*(CORR) 



l?ig. 9. 


that the total incidence of cancel in the five conntries-and the the 

same The differences, however, lietween cancer in those organs . ■ wfg Our own 

and in the cieeper viscera between the five people are qmte noticeable. 
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observations (Kbanolkar,- 1944) regarding the incidence of oral cancer have revealed some 
interesting differences v-bicb may he briefly referred to belov : — 



Fig. 10. 


Fig. II. 


1. Cancer of the lip accounts for nearly 20 per cent of the oral cancer at the Memorial 
Hospital in IS ew York and only 1-7 per cent at the Tata Memorial Hospital in Bombay The 
cancer mortabty fig^es for U. S. A. show that the high figures for this type of cancer'are not 
due to an unusual attendance at the Memorial Hospital of those suffering Horn Hp cancer. 

a two-thirds of the tongue is tvdce as common as 

at the base, nhereas m Bombay these proportions are reversed. 

3. As compared to Gujaratis, cancer of the buccal mucosa is six times (5-2 against 30-8 
per cent) more co^on among Deccanis, while that of the tongue is one and a haff times as 
cordon among Gujaratis (64-3 against 42-8 per cent), the major portion of this higher 
incidence bemg m the posterior third of the tongue. ^ 

pn, significantly as regards the incidence of cancer of the mouth in all 

countries. This cMerence becomes all the more striking when the frequency of cancer i the 
considered accorc^g .to the different parts of the mouth cavity. The striking 
difference in the two sexes in Gujaratis as regards cancer of the base of the tonmie and the 
adjoming portions of the larymc raised some doubt regarding an uneven attendan°ce of males 

following data (Table X). ^ Gujarati Hindus, we are in a position to present the 
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Tata Memorial Hospital. 

Cases 1-5,000 (1941-43). 





M. 

F. 

Total carcinoma 


... 

2,021 

001 

Total malignant 

disease ... 

... 

2,205 

1,958 

Benign tumours 

... 

... 

193 

187 


Total. 

JOnccANis. 

G UJ ABATIS. 



M. 

F, 

iM. F. 

Oral cancer 


203 

57 

336 17 

Cheek 

170 

51 

25 

13 6 

Antr. tongue 

101 

19 

0 

18 4 

Base tongiio 

■139 

73 

13 

203 . 2 

Larynx 

323 

96 

2 

99 5 

(Esophagus 

102 

32 

8 

28 1 

Breast 

164 

2 

38 

6 

CJerrix 

293 

... 

148 

45 


Table X. 





. Gujarati Hindus. 




S. H. H., 1931-43. 


T. M. 

H., 1941-43. 





■ 

Total cancer. Tongue cancer. Total cancer. 

Tongue cancer. 

Males 

349 135 (38'68 per cent) 

555 

217 {39-09 per cent) 

Females 

105 S (7-63 „ 


lOS 

5 (4-63 „ „ ) 

Not stated 

19 2 


... 

... 

Eatio M : F 

3-22 : 1 16-87 : 1 


5-13: 1 

43-4 ; 1 


It will be seen that proportion of Gujarati males to females suffering froni all 
types of cancer at that hospital (S. H. H.) during the last ten years was 3 : 1, at the Tata 
^tieinorial Hospital the proportion was 5:1. In the case of tongue carcinoma the proportions 
were 17 : 1 and 43 : 1. This difference between the two sexes is therefore not accidental and 
deserves careful study. _ 

Khanolkar and Suryabai (1946, in press) have recently studied the frequency of cancer o - 
+hp nalate in Andhra, which is probably associated with the peculiar method of smoKing « 
bcaUy made cVr. This was first suggested by Kini and Rao (1937) as a result of an analysis 

'of his cases in Vizagapatam, 
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i’rimary caucer of the liver is a rare disease iu liixropeaus. Among tlie Bantu labourers 
in tlie 'Witvatersrand Gold Mines in South, iifrica it accounted for 229 out of 253 or 90-5 per 
cent of all cases of cancer (Kinnaway, 1944). It has also been described as the commonest 
type of cancer in the Malays and Chinese of Batavia, the Chinese of Singapore, the Filipinos 
in Manila and the inhabitants of Sumatra (Degorce, 1913 ; Snijders and Straub, 1923). The 
condition has been mentioned as relativelj’^ common in Madias by Basu and Vasudevan (1929). 
The high incidence of this type of cancer is not purely racial iu character and it is lilrely that 
it is probably attributable to the economic backwardness of all these people (Gilbert and 
Gillman, 1944). It affords an interesting example of the results of modern exploitation on 
large masses, who subsist in a state of continued penury and malnutrition on an income of 
about Bs. 200 to Bs. 500 pet a n num. A monotonous diet, poor iu proteins, with a low 
content of certain amino-acids probablj- results in damage to the liver (Glynn and Himsworth, 
1944) leading to a cancerous proliferation of its cells. 

In conclusion, it might be stated that the welfare of each individual is determined by his 
inheritance, by his environment^ by the acts lie performs and the habits which he acq^uites 
during the course of his life. The importance of hereditary or racial factors is probably 
different for each type of cancer and in any case not so impressive as the other two factors. 
The clinical experience of trained observers, as well as a guarded use of official statistics, 
suggests that so far as the big cities of India are concerned and where alone a sufficient number 
of doctors are available and the equipment for diagnosis and registration is operative, the 
population is as susceptible to cancer in general as the people in Europe and America. This 
opinion is not accepted by medical men who have an incomplete understanding of the problem 
and have been led away by clinical impressions based on insufficient obsen-ations ; and also- 
by statisticians who ‘ have approached the subject without informing themselves of the 
objective value of the data upon which they relied’ (Bashford, 1905). It is hoped that the 
observations presented here wiU dispel the confusion caused by most of the contributions to 
this subject and that it may reasonably be asserted that the conviction of those who maintain 
‘ that cancer in its different forms is imquestionably relatively very rare throughout India ’ 
(Hoffman, loc. cit.) is erroneous. Numerous letters and articles encumber reputed medical 
journals, and describe the rarity of cancer in Africans, Egyptians, Chinese, Arabs and Indians 
and impress medical practitioners with their appearance of authority. It is not unusual there- 
fore to come across many unfortunate individuals in India who have been treated by their 
medical advisers for ever^hing else but cancer,, until the disease has advanced beyond all hope 
of effective treatment, because the doctor was convinced that his patient could not have been 
suffering from such a rare condition. It has been necessary to obtain a reasonably accmute 
idea of the prevalence of cancer in this coimtry for another reason. Arrangements and 
organization for medical relief should be based on the relative frequency of different diseases. 
If cancer is really rare, the present deplorable lack of specially trained men to combat the 
disease would be justifiable ; on the other hand, if it is much more prevalent than it is generally- 
believed to be, effective measures should be immediately adopted to improve the diagnostic 
and treatment centres and to revise the attitude of the medical and public health professions, 
as well as of the lay public, towards malignant disease. 

SuMMABY AND CONCLUSIONS. 

1. A study of the clinical material from medical institutions in India, as well as a guarded 
use of official statistics suggests that Indians are as liable to suffer from cancer as the inhabi- 
tants of Western countries. 

2. Evidence has been presented to show that though the total incidence of cancer in 
several countries may show small differences, the incidence of cancer in various parts of the 
body is markedly different in different peoples. 

3. The implications arising out of these findings are briefly discussed. 
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AND 
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(From the School of Tropical Medicine, Calcutta.) 

[Received for publication, January 1, 1040.] 

Introduction. 

The W.K.K. (Witebsky, Klingenstein and Kuhn) antigen prepared from the tubercle 
bacillus ha.s been successfully used for a complement-fixation test in the diagnosis of kala-azar. 
This antigen was originally prepared for use in the complement-fixation test in the diagnosis 
of tuberculosis, but the results were not satisfactory. A South American worker reported 
positive reactions in 70 per cent cases of leishmaniasis. Later, Lowe and Greval (1939) con- 
firmed these results in Indian kala-azar. Sen Gupta (1943) reported positive results in 9( 
per cent of a large series of cases of kala-azar. 

Dharmendra and Bose (1941) prepared antigens by the AV.K.K. method from a number 
of acid-fast bacilli, including the tubercle bacillus, and the so-called leprosy bacilli of Duval, 
Bayon, Lleras, and Kedrowsky. They reported that sera from cases of kala-azar and severe 
cases of leprosy fixed complement in the presence of these antigens, and that all the antigens 
behaved in a similar way. 

Because of the ease with which some of the acid-fast bacilli, other than the tubercle 
bacillus, grow in cultures, it was decided to try, in the complement-fixation te.st for kala-azar, 
an antigen prepared from one of them in place of the original W.K.K. antigen prepared from 
the tubercle bacillus. For this purpose, the antigen from the Kedrowsky’s bacillus, as pre- 
pared in the Leprosy Department of the School of Tropical lil’edicine, Calcutta, was selected 
for trial, and has been found to be very satisfactory. Using this antigen. Sen Gupta (1944) 
reported positive reactions in 93 per cent cases of kala-azar ; and negative reactions in 99 per 
cent of all cases likely to be considered in the differential diagnosis of kala-azar ; in the 
remaining 1 per cent of these cases the reaction was doubtful. The antigen has, therefore, 
proved to be of great value in the diagnosis of kala-azar by complement fixation. 

Because of the usefulness of this antigen prepared from the Kedrowsky’s bacillus, several 
inquiries have been received regarding the method of its preparation. In this article, there- 
fore, it is proposed to describe the method of preparation of the antigen in detail. 

The 5IETHOD OF PREPARATION OF THE ANTIGEN. 

The antigen consists essentially of the acetone-insoluble fraction of the pjuidine extract 
of the alcohol-insoluble portion of the bacilli. For use it is dissolved in benzol, and lecithin 
is added to make it more sensitive. The details of the method are described below : — 

(1) Kedrowskj^’s acid-fast bacillus is grown on glycerine broth in flasks, each containing 
about 200 c.c. of the medium, the pH of the medium being adjusted to 7‘3 to 7’4. In about 
three weeks’ time, there is a luxuriant growth of the bacillus on the surface of the medium. 

(2) The bacillary growth is collected from the medium by filtration through ordinary 
filter-paper ; it is washed free from traces of the medium with three changes of sterile distilled 
water, and then twice with rectified spirit (96 per cent alcohol). The washed residue is 
transferred to a desiccator, and dried in vacuo. 
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(3) The dried bacillary mass is extracted with 90 per cent alcohol in a flask fitted with 
a reflux condenser for three hours over a water-bath, and is then kept overnight in a refri- 
gerator. The residue is then filtered free from alcohol and again dried w vacuo. 

(4r) This alcohol-insoluble portion of the bacilli is extracted wdth pyridine for eight hours 
at 135°C. to 140°C. in a Soxhlet apparatus over glycerine-bath. 

(5) The pyridine extract is transferred to an evaporating dish, which is placed over a 
hot-air bath at 70°C. and the extract evaporated to dryness, taking care to avoid any charring. 
The residue is the pyridine-soluble fraction of the alcohol-insoluble portion pf the bacilli. 

(6) This pyridine-soluble fraction of the alcohol-insohrble portion of the bacilli is next 
extracted Avitli acetone in a Soxhlet apparatus for two hours over a water-bath. The fraction 
insoluble in acetone is dried, and is used as the antigen.* 

The dried antigen can be stored for future use in sealed ampoules, in a refrigerator. 

(7) For actual use a w^eighed amount of the dried antigen is dissolved in benzol, and is 
sensitized by the addition of lecithin. This is done as under : — 

O’l g. of the antigen is dissolved in 10 c.c. of benzol by trituration. 

Five c.c. of I per cent alcoholic solution of lecithin is evaporated to dryness, and the 
residue' is taken up in the 10 c.c. of the benzolic solution of the antigen, which 
is then filtered through Whatman filter-paper, any loss of benzol being made 
up by addition of fresh benzol. This is the lecithinized benzolic solution of 
the antigen w'hich is used for the test. 

(8) The prepared antigen is kept in an incubator at 37“C. for 10 to 15 days before it 
is used. At the time of use the antigen is titrated for (a) anti-complementary activity, 
(b) hfemolytic property, and (c) specific complement fixation, according to the method 
described Ijy Sen Gupta (1945). 

Summary. 

A description is given of the technique used for obtaining the antigen from_ the 
Kedrowsky’s bacillus. This method is applicable for the preparation of similar antigens 
from other acid-fast bacilli. In the case of the tubercle bacillus, the culture should first be 
autoclaved to kill the bacilh. 
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* An idea of the yield of the diflferent fractions, and finally the dried antigen, will be obtained from the following 
data from one experiment : — . . v * onn f r 

(1) 21'7 g. of dried bacillary mass was obtained from the growth in 20 flasks, each containing about 

of glycerine broth. 

(2) The alcohol-insoluble portion of these bacilli weighed about 19’6 g. 

(3) The pyridine-soluble fraction of the alcohol-insoluble portion of the bacilli weighed about 3'6 g. 

(4) The acetone-insoluble portion of the above fraction, which is the dried antigen, weighed abou g- 

This is about 1/lOth of the weight of the dried bacillary mass. 
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Ghee is clarified butter-fat prepared from the milk of the cow and the buffalo. It is 
the principal form in which milk-fat is consumed in India. It has been estimated that 58 
per cent of the total production of milk, amounting to 13-17 million tons, is used in the 
manufacture of ghee (Eeport on the Marketing of Milk in India and Burma, 1941). Even 
in warm climates, ghee can be kept without deterioration for considerable periods of time, 
and one sample is reported to have remained in good condition after two years of storage. 
The ghee consumed in India is mostly made from buffalo milk. The latter has a higher fat 
content, and buffalo ghee is said to have better keeping qualities than cow ghee. Further, 
the buffalo ghee is white in colour, is hard and has a well-defined structure as compared with 
the cow ghee which has a yellowish colour and a softer consistency, and consequently the 
former fetches a better price. 

Davies (1940) describes tlie method of manufacture as follows : ‘ When ghee is made in small quantities, milk 
is allowed to sour (ripen) at a fairly uniform temperature until clotted, or otherwise has been changed into dahi. 
A liquid (or solid) fat-ricli fraction is then churned from the dahi by a rotating paddle working in the dahi contained 
in an earthenware jar (ghara). The fat is collected from the paddle and the surface of the lassi, and transferred, 
usually by hand, into another earthenware or brass vessel, in which the daily yields of butter are collected 
until there is sufficient to merit the separation of kulcha ghee by boiling. The butter is melted and the 
underlying layer of water and curd brought to the boil, while the fat collects on top. The water is boiled off 
briskly at first and then more gradually. A scum of solid material forming on top of the fat is skimmed off 
carefully from time to time. When all the water has been evaporated the temperature of the fat rises 
above lOO^’C. appreciably and the curd chars to a brown colour and particles are seen in the convection 
currents in the fat. The butter has then been sufficiently boiled, and is allowed to cool somewhat while the 
curd particles settle. The fat laj-er is then carefully removed into suitable vessels as free from solid curd 
as possible and allowed to cool and crystallire. The hot ghee may or may not be filtered through muslin 
into tlie containers.’ 

The per capita con.sumption of ghee in India is in general low. jMegaw (1933) estimated 
average consumption of ghee on the part of adults to be 0-32 oz. Diet surveys carried out 
in various parts of the coimtry and among different classes of people (Aykroyd. 1939) showed 
that the per ca 2 nta consumption ranged from almost nil to 2-0 ounces, the latter being 
among business and professional families with an income of Es. 100 to Es. 1,000 per 
month. Dr. K. Mitra, Nutrition Officer, _ Bihar, in a survey of 2,566 families in that 
proHnee, found that the consumption varied from almost nil to 1'5 ounces per consump- 
tion unit per diem (personal communication). He further observes that ‘ ghee is mainly 
used for cooking purposes and very rarely consumed raw Dr. jMusa Khan. Nutrition 
Officer. Public Health Department, Punjab, in a diet survey of agricultural families in 
the Lyallpur District, found that ‘ ghee was used in two ways : About one-third was 
used for smearing chapatlis or taken with bread after being sweetened with sugar . . . 
The rest, about two-thirds, was used for frying purposes ’ (personal communication). 
Such a ^ low consumption is not surprising as the total available supplies are small 
in relation to the size of the population. The total quantity produced hardly suflSces 
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for a per capita consumption of 0-2 oz. daily, >Some trade existed in ghee in pre-war 
times, but it was not of much importance as the imports nearly equalled the exports, 
the figures amounting to a little oveT" 2,500 tons. Because of tlie short supply of ghee 
the manufacture- of vegetable ghee (Vanaspati) is assuming considerable importance. 
Vegetable ghee, being cheaper than animal ghee, is being increasingly used by certain 
sections of the Indian population, and for the same reason the former is widely used for 
adulterating genuine ghee. 

The vitamin A activity of milk-fat is due to the presence of vitamin A, and of carotene 
when present. Butter has been assayed for vitamin A activity by a number of workers 
{Crawford, Perry and Zilva, 1932 ; ‘Bairmann and Steenbock, 1933; Shrewsbury and 
Kraybill, 1933 ; Booth, Kon, Dann and Moore, 1933 ; Baumann, Steenbock, Beeson 
and Rupel, 1934 ; Berl and Peterson, 1943). Sherman and Smith (1931) state that 
‘ butter appears usually to contain almut 30 to 50 units of vitamin A per gramme". Berl 
and Peterson {loc. cit.), worldng in the U.S.A., found that March butters had a vitamin 
A potency of approximately 21 International Units per gramme, while July and September 
samples contained 40 International Units per gramme. The vitamin A activity of ghee 
has been determined by a number of workers in India (Baneriee, 1936 ; De and Majumdar, 
1938; Grewal and Kochhar, 1938; Majumdar, 1941; Muthanna and Seshan, 1941)., 
Grewal and Kochhar (loc, cit.) reported the following values (International Units 
per g.) : ghee prepared in the laboratory, 30-7 ; ghee pre])ared from summer butters, 
19'0 ; from winter butters, 27‘6 ; samples collected from villages round Lahore, 12‘2 ; in 
Lahore, 16'4. Muthanna and Seshan (foe. cit.), working with samples of ghee received 
from Sind and Bengal, reported average values of 12 /ig. (36 I. U.) and 8 /ng. (24 I. U.) 
per gramme respectively. De and Majumdar (loc. cit.) obtained an average value of 7‘8 gg. 
per g. for ghee. 

The relative nutritive value of animal ghee and vegetable ghee is a controversial question 
of considerable importance. Detailed information about the ainount of vitamin A actually 
obtained by the consumer from animal ghee is necessary in order that the advantage of 
consuming animal rather than vegetable ghee, in re.spect of vitamin A intake, can be assessed. 
In the present investigation bazaar samples from various i^arts of the country have been 
assayed, together with pure samples prepared from good milk under optimum conditions. 
The effect of heat on vitamin A in ghee has been investigated. Experiments on effect of 
heating on the carotene present in ‘ fortified ’ Margarine are also reported. 


Methods. 

Vitamin A was estimated tintometrically on the non-saponifiable fraction by means of 
the Carr-Price reaction. Experiments with the spectrograph gave a figure of 53 for the 
conversion of the Carr-Price value to vitamin A in I. IT. per g. Carotene wns estimated 
in the non-saponifiable fraction by dissolving it in petroleum ether ; the colour was 
matched in terms of yellow units in a Lovibond tintometer and the carotene estimated 
by using a standard curve plotted with pure ^-carotene. During the various stages of the 
experiment, from the saponification to the final stage, the experiments wmre conducted m 
an atmosphere of nitrogen and in a partially dark room where there was a minimum o 
diffused light. 

The estimation of carotene in ‘ fortified ’ Margarine was carried out in a similar nianner 
on the non-saponifiable fraction. No 'attempt was made to eliminate other interleri g 
pigments as they were not found to be present in the carotene concentrates used 
the fortification of the hydrogenated fat. 


Results. 


Tables I to VI show the results of carotene and vitamin A assay of 
of cow and buffalo ghee manufactured under different conditions, 
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various samples 



Table 1. 

Ghee obtained from fresh milk of ivell-fed 
cross-bred cows at the Dairy Farm of 
the Government Agricultural \ 

College, Coimbatore. 


Serial 

number. 

Carotene 
in I. U. 
per g. 

Vitamin A 
inl.U. 
per g. 

Total 
vitamin A 
activity in 

I. U. per g. 

1 

11-7 

25-1 

36-8 

2 

9-6 

23-8 

33-4 

3 

17-5 

24-2 

41-7 

4 

14-6 

23-3 

37-9 

5 

6*5 

21-6 

28T 

6 

8*5 

32-8 

41-3 

Avekage 

11-4 

251 

36-6 


Table II. 


Samples of bazaar ghee sold in various places of the Madras Presidency 
and certified to be unadxdterated by the Public Health Analyst. 


Serial 

number. 

Place. 


Reichert 

value.* 

Vitamin A 
in I. U. 
per g. 

1 

Kamachaudrapuram ... 


25-8 

6T 

2 

Tirumalai Hills 


28-2 

C'9 

3 

Ongolc 


33-3 

. 14-7 

4 

Jammalamadugu 

... 

28-6 

5-4 

6 

Sembiam ... 


28-6 

7-1 

6 

Parvathipuram 


34-1 

7-5 

7 

Pulivendia ... 


26-8 

8-2 . 

S 

Ootacamund 


25-7 

4-6 

9 

Ponnur 

... 

29-3 

OT 

10 

Samalkot ... 


2S-S 

8-9 

11 

Ootacamund 

... 

26-6 

7-0 

12 

Masulipatam 

... 

30-3 

13-8 

13 

Chittoor 

... 

28-4 

10-8 

14 

Bezwada ... 

... 

26-2 

8-2 




Avebace 

8*5 


■* Figures supplied by the Public Health Analyst. 
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Table III. 


Samples of buffalo ghee received froin the Chemist, Public Health 

Department, Lahore. 


Serial 

number. 

Period of 
lactation. 

Diet of buffalo. 

Vitamin A 
in I. U, 
perg. 

1 

6 months 

Maize green, green jawar stalks, dry paddy 
stalks, green grass. 

18-0 

2 

6 

Cotton-seed 4 lb., tara mira (oil-seed) 1 lb., oil- 
cake 1 lb., maize, green grass. 

9-9 

3 

4 „ 

Cofcton-secd 4 Jb., green jawar stalks and green 
grass. 

9-1 

4 


Cotton-seed 1 lb., ground gram 4 lb., green 
jawar stalks, green grass. 

7‘8 

.5 

n 

Cotton-seed 4 lb., tara mira (oil-seed) 1 lb., 
gram 2 lb., green jawar stalks, green grass. 
Cotton-seed 3 lb., green jawar stalks and green 
grass. 

8-2 

6 

n „ 

l£-3 

7 

1 

Gram 4 lb., oilcake 1 lb., diy bran 1 lb., bhoosa 
and green sugar-cane. 

10-8 

8 

2 „ 

Gi-am 4 lb., oilcake 1 lb., millet 4 lb., dried 
jawar stalks and bhoosa. 

6-5 

9 

2 

Gram 6 Ih., millet 4 Ib., oilcake 2 lb. and 
bhoosa. 

Tract. 

10 

to 

Cotton-seed 1.1 Ib., oilcake LI lb., millet li Ib. 
and bhoosa. 

5'4 

11 

10 days 

Cotton-seed 4 lb., gram, millet and oilcake each 

2 lb., bhoosa and dried jawar stalks. 

13'8 

12 

4 months 

Cotton-seed 2 lb., gram 2 lb., oilcake 1 lb., 
bhoosa and dried jawar stalks. 

Average ... 

4-1 

8-8 


Table IV. 


Table V. 


Blended ghee samples from the 
Ghee Heating Centre, Agra. 

(Ghee obtained from eight 
surrounding districts of Agra. 
The ghee was heated to 75 '’G., 
the fire withdrawn and the 
different samples mixed and 
blended.) 


Sample 

number. 

Vitamin A 
in I. U. 
perg. 

1 

10-4 

2 

12-1 

3 

11-7 

4 

13-6 

6 

14-3 

6 

13-2 

7 

11-2 

8 

11-9 

9 

13-8 

10 

11-7 

11 

ITS 

12 

11-5 


12-2 


Buffalo ghee [imadzilterated) obtained from 
villages round Coimbatore. 


Serial 

number. 


Vitamin A 

Source. in I. TJ, 

per g. 


1 Coimbatore 

2 Velandipaiayam 

3 Sankanur 

4 Karanclapalaj'am _ 

5 Kuppakonanputhur 

6 Edayapaiayani ... 

7 Pappanaikkanpudur 

8 Mallagoundanpaiayam 

9 Pappanpatti 

10 Arukkanpalayam 

11 Nellikonanpaiayam 

12 Karpuranpalayam 

13 Singanallur 

14 Kalapatti 

16 Shouripalayam 

16 Kuppakonaputhur 

17 Nallampalajmm 

18 Coimbatore 


12- 7 
17-7 
12-1 
11-9 

13- 4 
11-2 
16-0 
10-2 

14- 5 
1-4 
6-3 
9-1 
8-2 

13-6 

11-7 

8- 4 

9- 5 
9-3 


Average 


11-0 


Average 



Table VI. 


Miscellaneous samples of ghee obtained from the 
bazaar in various places in South India. 


Serial 

number. 

Source. 


Total 
vitamin A 
in 1. 17. 
perg. 

1 

Coimbatore 


mi 

2 

Karamadai 

... 

Nil 

3 

Perianaikkanpalayam 


11-0 

4 

Coonoor 


21-8* 

5 

Tirupur 

• •• 

17-0* 

6 

Coonoor 

... 

13-0 

7 

Pollachi 

... 

9-9 

8 

Tirupur 


8-8 

9 

Coimbatore 


3-2 

10 

Travancore 


Nil 

11 


... 

2-2 

12 



2T 

13 



16-5* 

14 



6-9 

15 

Satvamangalam... 

... 

Nil 

16 


S-2 

17 

Karamadai 


6-9 

18 

Coonoor 


9-0 

19 

Coimbatore 

... 

15-9* 

Average 

... 

... 

7-9 


* These samples ■were stated to be cow ghee. 


Table Ani sets out the results of experiments on the loss of vitamin A activity during 
the heating of ghee and Margarine ‘ fortified ’ with carotene. It should be noted that while ghee 
has very little moisture, ‘ fortified ’ Margarine has the following composition ; hydrogenated 
vegetable fat 83 per cent ; common salt (NaCl) 2 per cent ; water 15 per cent (i.e, a water 
content similar to that of butter). 


Table VII. 

Loss of vitamin A activity during the heating of ghee and Margarine 
‘fortified’ xoith carotene. 



ViTAjrtK A Acimrr in 

I. TJ. PER 0. 

Treatment. 



Ghee.* 

‘ Fortified ’ 
Margarine, t 

Originai sample 

Heated for 20 minutes — maximum temperature 130'C. 
.‘.Loss of vitamin A activity 

Heated for 20 minutes — ^maximum temperature 170'C. 
.’.Loss of vitamin A activity 

... 19-1 

... 14-8 

... 22-6 per cent 

... 7-4 

... 61-6 per cent 

22-2 

I1'6 

47'7 per cent 
3-2 

85‘6 per cent 


* Average of two samples. -j- Average of three samples, 

( ? ) 



Cooking experiments with ghee and fortified Margarine. 

TwpWp ojurees (fried wheat cakes) were made from a uniforin dough consisting of 250 g. 
„i iirhSTom atta), 10 g. of fat (ghee or / fortiHed ’ Marganne , and thereq^le 
01 wnoie , kneading into a uniform consistency. These were fried one at a tune 

inl^X of fat or ‘ fortified ’ Margarine, 2B0 g.) in a frying-pan. The tem,;eratoe dnrmg 
m excess or im. ^ ^ . weighed aliout 25 g. which included about 

'sT oS SSiiri^tySg Vita™/ estimated h^hinjhe fat left 
over after frying and in the fried purees. The results are shovvn m Table VIII . 


Table VIIL 

Loss in vitamin A activity (luring frying of purees. 



‘ Foktified ’ ]Mabgakine. 


Serial 

number. 


Treatment. 


Vitamin A 
activity in 
I. U. per g. 


Per cent 
of original. 


Vitamin A 
activity in 
I. U, per g. 


Per cent 
of original. 


1 

Original sample of fat 

14-0 

100 

23-0 

2 

Fat heated till moisture was got rid off 

R-3 

23-6 

... 

3 

Fat after frying 

first puree 

2-9 

20-7 

... 

4 

„ j) >> 

second „ 

1-1 

7-9 

13-2 

5 

It »> ” 

third ,, 

10 

7-1 

... 

6 

It It >> 

fourth „ 

... 

... 

8-0 

7 

It It '* 

sixth ,1 

... 

... 

4-5 

8 

It It ’> 

eighth ,i 

... 

... 

Nil or trace 

9 

>i It ” 

tenth „ 

... 

... 

Nil 

10 

First puree ... 

... 

1-0 

] 

3-6 (average) 

11 

Second „ 

... 

0-8 

6-7 


12 

Third „ - 

... 

0-4 

2-9 ■' 

_ 1-5 (average) 

13 

Fourth ,t 

... 

0-3 

2-1 

f 


100 


14 Fifth and sixth puree — average 

15 Seventh and eighth' puree— average 
Ninth and tenth puree — average 


16 


0-6 

N»7 or trace 
Nil 


57-4 , 

• f* 

34-8 

19-G 

0 

0 

15-2 

6-5 

2-6 

0 

0 




' fortified ’ 


Table IX; 


Loss in carotene content of ‘fortified ’ Margarine during 
frying of -potato chips {six to ten chips 
were fried at a time). 


Treatment. 

Carotene 
content in 

I. U. per g. 

Per cent of 
original. 

Original sample 

20-4 

100 

Same after first fr 3 -ing ... 

7-8 

38-2 

„ „ second fiying 

O'l 

25-0 

„ „ third frying 

2-2 

10-8 

Potato chips of first frying 

6-6 

32'4 

„ „ of second frying 

2-5 

12'3 

„ „ of third frjdng 

.. Nil or trace 

0 

„ „ of fourth frying 

ATI 

0 


Halwa is a comriiou Indian sweet preparation in whicli is incorporated fair amounts of ghee. 
The following is the method commonly employed in its preparation : suji (semolina), sugar 
and ghee are the ingredients used in the proportions of 2 : 2 : 1. The suji is first fried in 
about one-eighth of its ^Yeight of ghee in a frying-pan until it assumes a light brown 
colour. Water is then added, followed by sugar, and the mixture stirred until cooked 
into a semi-solid mass. The pan is then removed from the fire and the remaining 
ghee (three-eightlis of the original weight of suji) is incorporated into the preparation. 
The loss in vitamin A activity in the fat of the halwa was estimated, the results being 
given below ; — 


Vitamin A 
in I. U. 
per g.» 

Original sample of ghee ... 

... 23-0 

Fat in halvja 

9-8 

.•. Loss in vitamin A potency 

... 57’4 per cent 

* Average of results of two 

experiments. 


Storage tests with carotene concentrates and ‘ fortified ’ j\Iargarine. 

Carotene concentrates used m the fortification of hydrogenated fats retain unimpaired 
tlieir vitamm A activity when stored m amber-coloured bottles at ordinary room temnerature 
Concentrates with a potency of about 75,000 to 80,000 I. U./g. were stored in well-stoppered 
amber-colomed bottles m an mcubator maintained at 37“C. and at room temperature^Sch 
ranged during the period of experimentation from 18°C. to 2.3°C The carotenp 
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In tlie commercial manufacture of ‘ fortified ’ Margarine, tliere is an overall loss of about 
20 to 25 per cent of carotene. This loss is due to the cumulative effect of both light and 
heat. Once the finished product is put in hermetically sealed tins, the vitamin A activity 
of the sample remains unimpaired for several months. In one typical experiment, two tins 
of ‘fortified ’ Margarine were selected at random from a batch manufactured on 'the same 
day. One was assayed immediately and the other after six months’ storage at room tempera- 
ture. Both gave almost identical values, showing that carotene was not destroyed when 
the Mafgarine was stored in hermetically sealed tins. ^ 

The opened tin of ‘ fortified ’ Margarine was set aside with the contents partially exposed 
to diffused light in the room. At the end of 3 and 6 months of storage under such condi- 
tions, carotene assay was carried out on representative samples. The ‘ fortified ’ Margarine 
was seen to change its colour, the portions exposed to light being bleached while those away 
from the light took in varying shades of yellow. There was a loss of about 25 per cent of 
carotene in 3 months and about 42 per cent in 6 mouths’ storage. 

To study the effect of slight!}’’ higher temperatures — temperatures more likely to prevail 
in the plains of India— storage tests were conducted at 37°C. in an incubator. Similar tests 
were carried out on a fluid edible oil ‘ fortified ’ wdth carotene with a view to finding out whether 
the physical state of the fat medium has any effect on the stability of the carotene contained 
in it. Ground-nut oil, one of the cheapest edible oils of India and used in blending shark- 
liver oils, was chosen for the test. A bulk sample of the ground-nut oil wms ‘ fortified ’ with 
carotene concentrate in such dilution as to give the same concentration in the final mixture 
as the ‘ fortified ’ Margarine. A number of 1 oz. stoppered glass-bottles w^ere filled with the 
fortified ground-nut oil and ‘ fortified ’ Margarine ; six in each group were stored in an incuba- 
tor at 37°C., while another batch of six was stored in the room away from bright light. 
Estimations of carotene -n^ere made initially and at stated intervals on these samples and the 
percentage loss of carotene on storage calculated. The results are recorded in Table X 

Table X. 


Percentage loss of carotene on storage. 


Storage 
period in 
Tveeks. 

At room tempebatoke. 

At 37®C. I 

(incubator). 

‘ Fortified ’ 
Margarine. 

‘ Fortified ’ 
ground-nut 
oil. 

‘ Fortified ’ 
Margarine, 

‘ Fortified ’ 
ground-nut 
oil. 

1 

0 

11-6 

16-2 

11-6 

2 

20-5 

14-S 

23-0 

19-0 

3 

20-5 

17-9 

27‘4 

20-3 

5 

31-0 

26-4 

34-1 

30-8 

10 

41-7 

36-5 

40-5 

45-0 

15 

47*3 

60-0 

54-8 

47-0 


Discussion. 

It will be seen from Tables 1 to VI that cow ghee contains both carotene and vitamin ^ 
while buffalo ghee is devoid of carotene and contains only vitamin A. The vitamin A ac m y 
of ghee made from the milk of well-fed cross-bred cows was found to he on an . 

1 D. per gramme, to which carotene contributed 31-2 per cent. This figure is in co 
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to 15 per cent recorded by Baumann and Steenbock {he. cit.) in tbe case of butter. Tbe 
average vitamin A content of bazaar samples of ghee found to be unadulterated by the 
Public Analyst, Madras, ^vas 8-5 I. U. per g. (range from 4-6 to 14-7, Table II). Samples of 
buffalo ghee prepared from milk of buffaloes fed with known quantities of concentrates 
contained on an average only 8-8 I. U. per g. From Table III it wall be seen that the relation 
between feed and vitamin A in ghee is not very marked, but, in general, it may be said that 
when the feed contains plenty of fresh green fodders, there is observed an increase in the 
vitamin A content of the ghee. The period of lactation does not seem to be correlated to the 
vitamin A content of the butter-fat. The average vitamin A content of ghee samples from 
the Ghee Heating Centre, Agra, was found to be 12-2 I. U. per g., while that of samples of 
buffalo ghee collected from villages round Coimbatore gave a value of ll'O I. U. per g. The 
last group (Table YI) of miscellaneous samples of ghee probably gives a correct idea of the 
amount of vitamin A contained in typical samples of ghee bought in the bazaar in South 
India. On this basis, 2 oz. of ghee wmuld provide about 450 I. U. of vitamin A, which is 
only a small fraction of requirements as these are usually estimated. 

It will be seen from Tables IHI to IX that there is a considerable loss of ^■itamin A 
activity when ghee or ‘ fortified ’ Margarine is used in preparations requiring prolonged 
heating above 100°C. Over half the vitamin A activity is lost in the case of the former, 
while complete destruction occurs in the case of the latter. It is, therefore, obvious that 
‘ fortified ’ Margarine should not loe used in frying, if its vitamin A activity is to be 
preserved. 

Summary. 

1. The total vitamin A activity of ghee prepared from the milk of w'ell-fed cross-bred 
cows was found to be on the average 36‘5 I. U. per g. ; carotene contributed approximately 
31 per cent of this value. 

2. Ghee prejjared from milk of buffaloes fed under known conditions had an average 
vitamin A content of 8-8 I. U. per gramme. In general the addition of green feeds to various 
concentrates leads to an increase in the vitamin A content of ghee obtained from the milk 
of the animals concerned. The relation between the period of lactation and vitamin A content 
of ghee is not marked. 

3. Ghee, certified to be genuine, collected from 14 centres in the ]\IadTas Presidency 
contained on an average 8‘5 I. U. of vitamin A per g. 

4. Twelve samples of blended ghee from the Ghee Heating Centre, Agra, had an average 
vitamin A potency of 12'2 I. U. of vitamin A per g. 

5. A good proportion of the vitamin A activity of ghee, and all the vitamin A activity 
of ‘ fortified ’ hlargarine, are lost when these are used for frj’ing purposes. 

Thanks are due to the following officers of various Governments for samples of 
ghee used in these investigations : (1) The Government Agricultural Chemist, Coimbatore, 
(2) The Government Public Health Analyst, Madras, (3) Chemist, Public Health Department, 
Lahore, (4) Officer-in-charge, Ghee Heating Centre, Agra, and (5) Director, Public Health 
Laboratory, Trivandrum. 

The samples of carotene concentrates and ‘ fortified ’ Margarine were supplied by the 
Hindustan Vanaspati Manufacturing Co., Ltd., Bombay. 


.Aykroyd, AA'. R. (1939) 
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Though fats and oils in the diet are important as sources of energy and are two-and-a- 
quarter times as effective for this purpose as either proteins or carbohydrates, their dietetic 
requirement has received little attention. They are, however, recognized as essential in 
nutrition .such as amino-acids, minerals, or vitamins owing to their content of certain indis- 
pensable unsaturated higher fatty acids (Burr, Burr and Miller, 1932). 

Although the fat requirement of the human body is not definitely known nutrition experts 
have expressed the opinion that the minimal requirements of fat is about 50 g. and that 
the optimal requirement is about 120 g. per head per day (Bacharach and Drummond, 1940) 
of which about 60 per cent should be of animal origin. Numerous diet surveys undertaken 
in different parts of this country show that the average daily fat intake per capita is very 
low, barel}’’ exceeding one ounce, very little of which is of animal origin. It would appear 
important, therefore, that the intake of fat in India should be raised. It must be borne in 
mind that apart from supplying energy to the system, fats and oils have other intrinsic 
properties as well. ‘ Fat has a high satiety value, its high calorie content reduces the bulk 
of food consiimed. It is the vehicle of fat-soluble vitamins : infants at the breast receive 
half of their calories in the shape of fat ’ (Anderson and Williams, 1937). They serve as 
starting materials for the production of phosphatides and cerebrosides which are essential 
constituents of the brain. 

Lard is not popular in this country and butter-fat in amounts sufficient to supply the 
entire population is not available. The vegetable oils are, therefore, the only available 
sources of fat at present and different vegetable oils are consumed in different parts of the 
country. Practically no work has been done in India to determine whether there is any 
difference in the digestibility of the different fats and oils. 

Because of the relation of fats to agriculture and their importance in the diet, a aeries 
of experiments were undertaken by the Office of Home Economics in Washington to determine 
the digestibility of a number of fats and oils consumed in America. Langworthy (1923) 
and Langworthy and Holmes (1915) studied the digestibility of a variety of common fats 
and oils. The results seem to indicate that the digestibility coefficient of the fats having a 
melting point above body-temperature (37°C.) varies inversely with the melting point. It 
has also been claimed that most ol the common oils are from 93 to 98 I)er cent utilized by the 
human body. However, there are instances, e.g. mutton-fat (Langworthv and Holmes 
1915), oleo-stearin (Holmes, 1919), and deer-fat (Deuel and Holmes, 1922) as well as some 
hydrogenated fats melting between 52°C. and 60°C. (Deuel and Holmes, 1921), where values 
as low as 79 per cent were found for the average coefficient of digestibility. Experiments 
of this type with human subjects involve many Afficulties, the chief of which is the fact that 
in general the people of any particular place are accustomed to using one type of oil or 
fat only, and when other types of oils are taken, they are found to cause digestive 
disturbances. - ® 

Hoagland and Snider (1942) have compared the digestive coefficients of lard, vegetable 
shortenings and mixed animal and vegetable shortenings, using rats as test animals Thev 
found that the digestibility coefficient of lard is higher than that of the other two types 
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of shortenings. Studies in man by Sealock, Basinaki and Murliss (1941) determined tbe 
digestilrilities of fats in mixed diets containing whole wheat and wheat bread. JfcCay 
and Paul (1938) have noted the extent of digestion of the higher melting fats in guinea-pigs. 
Using rats as experimental animals, the percentage of absorption of a few unheated hydro- 
genated and thermally-treated oils has been evaluated by Roy (1944) who has found that, 
excepting ground-nut oil, the absorption of all oils decreases when they are subjected to 
thermal treatment. 

This paper records the digestibility of the various oils and fats which are used for edible 
purposes in different provinces of India. These include mustard, coconut, sesame and 
ground-nut oils and cow butter-fat, buffalo butter-fat and hydrogenated ground-nut oil 
(Dalda Vanaspati). Experiments with linseed oil were also tried but they proved a failure 
as the subjects manifested symptoms of diarrhoea on taking the oil. 


Experimental. 

The digestibility was determined by metabolic experiments on adult human subjects. 
The method followed in these experiments was practically the same as that followed by 
previous workers in this Laboratory, working on problems on metabolism (Basu and Basak, 
1939). The fat in question was consumed with a basal ration of the composition ; rice 600 g., 
pulses 100 g., vegetables 200 g.,’ fish (as far as possible fat-free) 70 g. The basal ration was 
selected as to contain as little fat as possible. It still contained, howmver, an appreciable 
quantity of fat, 8-56 g. to 10‘32 g., as determined by actual analysis. The fishes used in 
the experiments were iclia {Pahemon carchms) and bele {Glassgohhts giceris). 

Each experiment was conducted for seven days, during the first three days of which no 
collection of either urine or faeces wms made. Faeces during the last four days w^ere preserved 
with toluene and the amount of fat excreted through the faeces w'as determined by taking 
an aliquot part of the w'et faeces and analysing it according to the method of Saxon (1938). 
Excretion of fat from the body is believed to be almost entirely in the feces. Very little 
fat is excreted in the urine and so no analysis of urine for fat was made. Difficulty was 
often experienced in the last stages of analysis, as an emulsion of fat with petroleum ether 
was formed which prevented the formation of a sharp line of demarcation between the 
petroleum ether layer and the low'er alcoholic solution. This was, however, overconie by 
treatment with certain electrolytes, e.g. sodium chloride. 

Each fat was added in amounts of 50 g. per day. Fcecal fat excretion, when the basal 
diet was consumed and no other oil or fat was taken, was also determined. Experimental 
subjects, all males, were healthy adults who wmre thoroughly familiar wdth this type of 
nietabolic work and co-operated whole-heartedly. Experimental results are indicated m 
Table I. Digestibility coefficients are all corrected for fat elimination by allowing for the 
basal, practically fat-free, diet. The results are summarized in Table 11. 


Table I, 


SJmmng absorption of different oils and fats by experimental subjects. 


(Figures of intake and excretion represent daily averages.) 




Diet. 

Weight of 
dietarj' fat, 
g- 

Weight of 
faecal fat, 

■ g- 

Weight of 
absorbed fat, 

g- 

Weight of 
fffical fat 
due to oil 
supplement, 

g- 


Subject ; S. B. 

A., 18 years ; 

weight SO kg. 


Basal 

9-85 

3-65 

6-30 

... 

Basal and mustard oil 

59-85 

7-56 

62-29 

4-01 

Basal and sesame oil ... 

59-85 

6-00 

63*86 

2-45 


percentage of 
absorption of 
added fat. 


92- 

95 
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Table I — co7itd. 


Diet. 

^Yeight of 
■ dietary fat, 

g- 

Weight of 
fsecal fat, 
g- 

Weight of 
absorbed fat, 

g- 

Weight of 
faical fat 
due to oil 
supplement, 

g- 

Percentage of 
absorption of 
added fat. 

✓ 







Subject; i?. B. A., 

18 years; loeight 50 J:g. — contd. 



Basal and ground-nut oil 

59-8o 

3-33 

56'o2 

iYi7 

100 

Basal and coconut oil 

... 59‘85 

3-85 

56-0 

0-30 

99-4 

Basal and cow butter-fat 

59-85 

4-52 

55-33 

0-97 

98 

Basal and Dalda Yanaspati 

59-85 

9-31 

50-54 

5-76 

88-5 

Basal and buffalo butter-fat 

59-85 

5-07 

54-08 

1-52 

97 


Subject : 1. B. 

G., 19 years ; 

weight 52 hg. 



Basal 

8-56 

3-27 

5-29 

... 


Basal and mustard oil 

... 58-56 

6-95 

51-61 

»* 

3-68 

92-64 

Basal and sesame oil ... 

58-56 

6-49 

52-07 

3-22 

93-56 

Basal and ground-nut oil 

... 58-56 

4-38 

54-18 

1-11 

97-78 

Basal and coconut oil 

58-56 

3-95 

54-61 

0-68 

98-64 

Basal and cow butter-fat 

... 58-56 

5-83 

62-73 

2-56 

94-88 

Basal and Dalda Yanaspati 

... 58*36 

8-3 

50-26 

5-03 

89-94 

Basal and buffalo butter-fat 

58-56 

6-17 

52-39 

2-9 

94-20 


Subject : 0. C. 

D., 24 years ; 

weight 60 hg. 



Basal 

9-85 

4-44 

5-41 



Basal and mustard oil 

59-85 

7-89 

51-96 

3-4S 

93-1 

Basal and sesame oil ... 

59-85 

7-11 

52-74 

2-67 

94-66 

Basal and ground-nut oil 

59-85 

5-26 

54-59 

0-82 

98-26 

Basal and coconut oil 

59-85 

4-93 

54-92 

0-49 

99-02 

Basal and cow butter-fat 

59-85 

6'5 

53-35 

2-06 

95-88 

Basal and Dalda Yanaspati 

59-85 

9-21 

50-64 

4*77 

90-94. 

Basal and buffalo butter-fat 

59-85 

6-7 

53’lo 

2-26 

95-48 
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Table I — co7icld. 


Diet. 

Weight of 
dietary fat, 
g- 

Weight of 
fajcai fat, 
S’ 

Weight of 
absorbed fat, 
S’ 

Weight of 
ftecal fat 
due to oil 
supplement, 
g- 

Percentage of 
absorption of 
added fat. 


Subject : 11. P, 

D., 20 years ; 

weight 48 kg. 



Bti-sal 

10-32 

3-r>9 

0-73 

• •t 

»*• 

B.isal and mURhard oil 

00-32 

4-2 

.70-12 

0-01 

98-78 

Basal and sesame oil ... 

C0-.32 

2-74 


Nil 

100 

Basal and gronnd-nut oil 

GO-32 

2-8S 

57-44 

Nil 

100 

Basal and coconut oil 

00-.32 

3-23 

57-09 

Nil 

100 

Basal and cow butter- fat 

00-32 

3-07 

.70-05 

0-08 

99-84 

Basal and buiTalo butter-fat 

... • 00-32 

3-SO 

.70-40 

0-27 . 

99-40 


Table IL 

Showing the mean digeslihility of different fats. 
(Average of experiments on four subjects.) 


T 3 ’pe of fat. 

Percentage 

digestibility’. 

Mustard oil 

94-13 

Sesame oil 

95-8 

Ground-nut oil 

99-0 

Coconut oil 

99-28 

Cow butter-fat 

97-15 

Buffalo butter-fat ... 

97-53 

Dalda Vanaspati ... 

89-8 

Results and discussion. 

results indieates that in all cases ■ 1: 


digestibility exceeds 94 per cent and there is no great, difference in the ug 

animal and vegetable oils and fats which are liquid at ordinary room temperature. 
with ‘ Yanaspati however, indicate a slightly lower value. This is to be 
hydrogenation raises the melting point of the fatty acids which in turn lowers the aosori 
cLfficients of fats and oils. An upper limit (preferably Jelow 40 C.) 
of edible hydrogenated fats and oils might prove desirable. These results haieals 

MTived at by Xifwigwortliy. and- UoliDes. (19Z5). 
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It seems reasonable to conclude that practically all natural fats and oils are absorbed 
to the fullest extent, and for energy production they may probably be considered as almost 
equally efficient. Some oils are less tolerated by certain people than others. Before we 
can say whether or not an oil or fat is suitable for use in human dietary we must know not 
only its percentage digestibility but also other properties, as for example, tolerance, toxic 
effects, etc. Only further work can tell whether they possess identical physiological 
properties. Their effects on stimulating growth and on calcium and phosphorus metabolism 
should also be considered. The results of investigations on these lines will be shortly 
communicated. 

Summary. 

The digestibility of certain vegetable oils used for edible purposes in different parts of 
India, viz. mustard, coconut, sesame and ground-nut oils, of a sample of hydrogenated 
ground-nut oil (Dalda Vanaspati) and also of cow and buffalo butter-fats (ghee) has been 
determined by metabolic experiments on four human experimental subjects. It was con- 
cluded that the natural fats and oils are almost completely utilized by the human body 
(94 to 99 per cent), while hydrogenation appears to lower the digestibility to some extent. 
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In evaluating the importance of natural oils and fats for edible piu’poses, tw^o points 
of fundamental importance are their digestibility coefficients and rates of absorption ; the 
first indicates the extent to vrhich the}’' are absorbed in the system and the second determines 
the amount of a particular fat or oil that is absorbed in a definite time. The latter point 
should be determined specially because a fat or oil which is absorbed to a maximum amount 
in the least time should always be preferred. The first problem has been dealt with by 
some investigators (Langworthy, 1923 ; Langworthy and Holmes, 1915 ; Deuel and Holmes. 
1921) and with few exceptions, fats having a low melting point have been found to be almost 
completely absorbed from the gastro-intestinal tract of normal men. This has also been 
confirmed by the present authors (Basu and Nath, 1946), the fats and oils used in the 
experiments being those which are commonly used in different parts of India for edible 
purposes. 

On the contrary, very few studies have been carried out on the rate of absorption of 
the different fats and oils especially of those which are commonly used in India. 
Steenbock, Irwin and Wel)er (1936) employing a technique described by Irwin, Steenbock 
and Templin (1936), which is merely a modification of the technique used by Cori (1925) for 
determining the rate of absorption of sugars, found the extent of absorption of a number 
of fats over a 6-hour period. Deuel, Hallman and Leonard (1940) determined the rates 
of absorption of another batch of fats and oils differing in chemical composition, which are 
commonly used in America. 

The present paper deals with the study of the comparative rates of absorption of 
several fats and oils that are used in different parts of India, namely, mustard, coconut, 
sesame and ground-nut oils, and cow butter-fat. 

Experimental. 

The technique was practically the same as that of previous workers mentioned above, 
with some modifications at various points. The fats were fed by stomach-tubes to rats, 
weighing from 225 g. to 250 g. and fasted previously for 48 hours. During this period 
of fasting, water was given ad libitum, but the rats lost 8 to 10 per cent of their body- 
weight. The stomach-tube was inserted by holding the rat by the neck and placing' a 
forceps between the teeth. In earlier experiments light antesthesia was employed. A glass 
receptacle was fitted to the end of the stomach-tube. The melted fat was poured into it 
from a pipette and was then introduced into the stomach by means of a gentle push with a 
hand-pump fitted at the end of the glass receptacle. 

The small amount of oil remaining on the receptacle and stomach-tube was recovered 
in each case and duly allowed for in calculating the exact quantity introduced into the 
stomach. 

Amounts of fat absorbed after periods of 2, 4 and 6 hours were determined. At the 
end of the definite inter%'al the rats were killed, the intact gastro-intestinal tract was 
removed and the fats remaining unabsorbed were determined by water and petroleum-ether 
extraction according to the procedure of Irwin, Steenbock and'TempIin (loc. cit.). 

A set of preliminary experiments was also performed to determine the extent of recovery 
of fat immediately after it has been introduced by the stomach-tube. The results are 
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indicated in Table I. It has been found that the mean percentage of recovery lies between 
96 and 99 per cent and often it is 100 per cent. No correction is, therefore, necessary for 
any amount of fat which might escape extraction from the gastro-intestinal tract. 

It has been found by Irwin, Steenbock jind Templin {loc. cil.) that sex plays no 
important role in the rate of absorption and nearly identical results were obtained by 
using either male or female rats. For this reason rats of both sexes have been used. It 
has also been found by the same workers that rats of different sizes exhibit different- rates 
of absorption with the same oil .and for the same time interval, i.e. the rate of absorption 
depends on the surface area of the sto*rnach, intestine, etc., and so in all the experiments 
rats were chosen which were nearly of the same weight. The amount of fat remaining in 
the gastro-intestinal tract after a fast of 48 hours was also found to be insignificant. 

Tables II to VII give the rate of absorption of the various oils and fats. Table VIII 
summarizes the rates of absorption of all fats investigated. Table IX shows the effect of 
the amount of fat administered on the rate of absorption of coconut oil for a period of 
2 hours. 

Table I. 


• Percentage of recovery of fat immediately after administration. 


Weight of 
coconut oil 
administered, 
g- 

Amount in 
the tubes, 

' etc., g. 

Total 
amount 
administered, 
g- , 

Amount 

recovered, 

g- 

Percentage 
of recovery. 

Mean per- 
centage of 
recovery. 


' 0-0953 

0-6915 

0-6645 

96-1 



0-0753 

0-7115 

0-6987 

98-2 


0-7868 - 

0-0819 

0-7049 

0-6873 

97-5 

97-46 


0-1059 

0-6809 

0-6734 

98-9 



0-0983 

0-6885 

0-6651 

96-6 



Table II. 


Rate of absorption of mustard oil. 


Time 

(hours). 

Weight of 
oil taken 
(2 C.C.), 

g- 

Amount 
remaining 
in the tube, 

g- 

Exact 

amount 

administered, 

g- 

Amount 

recovered, 

g- 

Amount 

absorbed, 

g- 

Percentage 
of absorption. 

Mean 

percentage of 
absorption. 



r 

0-1534 

1-5302 

1-1264 

0-4038 

26-4 


2 

1-6836 - 

1 

0-1253 

1-5583 

1-1593 

0-3990 

25-6 , 

. 27-6±0-871 



1 

% 

0-1628 

1-5208 

1-0539 

0-4669 

30-7 J 





0-1593 

1-5243 

0-6280 

0-8963 

58-8 


4 

1-6836 - 


0-1432 

1*5404 

0-7070 

0-8334 

54-1 

• 56-3±0-7S2 




0-1523 

1-5313 

0-6738 

0-8575 

56 J 





0-1234 

1-5602 

0-5570 

1-0032 

64-3 


6 

1-6836 " 


0-1038 

1-5798 

0-6130 

0-9668 

61-2 

■ 64 




0-1534 

1-5302 

0-5126 

1-0176 

66-5 J 
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" Table III. 

Rate of absorption of coconut oil. 


Weight of 
Time oil taken 

(hours). (2 C.C.), 

g- 


. Amount 
remaining 
in the tube, 

g- 

Exact 

amount 

administered, 

g- 

Amount 

recovered, 

g- 

Amount 

absorbed, 

g- 

Percentage 
of absorption. 

Mean 

percentage of 
absorption. 



r 

0-0987 

1-4767 

0-9997 

0-4770 

32-3 


2 

1-.5754 - 


0-1076 

1-4678 

0-9262 

0-5416 

36-9 

■ 36 ±1-063 


- 


0-1036 

1-4718 


0-5711 

38-8 




r 

0-0943 

1-4811 

0-8156 

0-6655 

44-8 


4 

l-57i54 - 


0-1237 

1-4517 

0-8681 

0-5836 

40-2 

■ 42-7±0-740 




0-1053 

1-4701 

0-8365 

0-6336 

43-1 





0-0873 

1-4881 

0-6920 

0-7961 

53-5 


6 

1'5754: 



1-4991 

0-7690 


48-7 

- 49-8±l-171 



. 


1-4897 


0-6897 

46-3 - 





Table IV. 

Rate of absorption of olive oil. 



Time 

(hours). 

Weight of 
oil taken 
(2 C.O.), 

g- 

Amount re- 
covered from 
stomach-tube, 
etc., g. 

Exact 

amount 

administered, 

g- 

Amount ex- 
tracted from 
stomach and 
intestine, 

g- 

Amount 

absorbed, 

g- 

Percentage 
of absorption. 

Mean 

percentage of 
absorption. ' 



0-0856 

1-5296 

/ 

1-0285 

0-5011 

39-3 


2 

1-6152 ■ 

0-0793 

1-5359 

0-8724 

0-6635 

43-2 

- 41-l±0-478 



0-0823 

1-5329 

0-9075 

0-6254 

40-8 




0-0921 

1-5231 

0-8164 

0-7067 

46-4 


4 

1-6152 

0-0758 

1-5394 

0-7605 

0-7789 

o0'6 

- 48-9±0-719 



0-0843 

1-5309 


0-7609 

49-7 




f 0-1053 

1-5099 

0-5874 

0-9225 

61-1 


6 

1-6152 ■ 

0-1042 

1-5110 

0-5802 


61-6 

‘ 59*8^0*857 



0-0970 

1-5182 

O'CoCB 

0-8616 

56*7 
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Table V. 

Uaie of absoyplion of ground-nut oil. 


Time 

(hours). 


Weight of 
oil taken 
(2 C.O.), 


g- 


Amount re- 
covered from 
stomach-tube, 
etc., g. 


Exact 

amount 

administered; 

g- 


Amount ex- 
tracted from 
stomach and 
intestine, 


Amount 

absorbed, 

g- 


Percentage 
of absorption. 


Mean 

percentage of 
absorption. 




r 

0-1123 

1-5869 

1-0236 

0-5633 

35-5 

1 


2 

P6992 

! 

0-0913 

1-6079 

1-0725 

0-5354 

33-3 


^ 3o*13±0‘ri34 




0-1023 

1-5969 

1-0124 

0-5845 

36-6 





r 

0-0856 

1-6136 

0-7987 

0-S149 

50-5 

1 


4 

1-6992 - 


0-0972 

1-6020 

0-7626 

0-S394 

52-4 

1 

■ 52 ±0*428 




0-11-23 

1-5869 

0-7443 

0-8426 

53-1 

- 

■ 



/’ 

0-09.57 

1-6035 

0-6398 

0-9637 

60-1 

i 


6 

1-6992 - 


0-0823 

1-6169 

0-6257 

0-9912 

61-3 


' 59*9 ±0*480 



\ 

0-0834 

1-0158 

0-0630 

0-9522 

.58-3 




Table VI. 

Rate of absorption of sesame oil.' 


Time 

(hours). 


AYeight of 
oil taken 

(2 C.C.), 


g- 


Amount le- 
covered from 
stomach-tube, 
etc., g. 


Exact 

amount 

administered, 

O'. 

tn* 


Amount ex- 
tracted from 
stomach and 
intestine, 
g- 


Amount 

absorbed, 


Percentage 
of absorption. 


3Ican 

percentage of 
absorption.' 




0-0750 

1-6289 



36-1 


2 

1-7039 - 

0-0829 

1-6210 

I-01C4 

0-0046 

37-3 

. 36-2±0‘335 




1-6203 


0-5703 

35-2 




r 0-0953 


0-8815 

0-7271 

45-2 1 


4 

1-7039 - 


1-6164 

0-8583 

0-7581 

46-9 j 

. 46-1±0-2<3 



[ 0-0913 

1-6126 

0-8.340 

0-7786 

46-3 j 




r 0-0859 

1-6180 



.57-3 


6 

1-7039 - 

0-1031 

1-6008 

0-6931 

0-9077 

.56-7 

. ,57-3±0-191 



i 0-0989 

1-60.50 

0-6757 

0-9293 

.57-9 ' . 
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Table VII. 


Hale of absorption of cow buUerfal. 


Time 

(hourE). 

Amount 
administered 
(2 C.O.), 

g- 

Amount 
recovered 
from gastro- 
intestinal 
tract, g. 

Amount 

absorbed, 

g- 

Percentage 
of absorption. 

Mean 

percentage of 
absorption. 



'• 0-79S8 

0-3096 

39-0 


2 

1-30S4 ■ 

0*7538 

0-5546 

42-0 

• 40-8 ±0-510 



^ 0*7654 

0-5430 

41-5 




0-7362 

0-5722 

43-4 


4 

1-30S4 

0-628S 

0:6796 

52-1 

■ 47-97±l-390 



0-6742 

0-6342 

48-4 j 




r 0-o306 

0*7778 

59-4 


6 

1-3084 


0-7986 

61-3 

■ 59-13±0-735 



, 0-S68S 

0-7396 

56-7 



Table VIII. 


Percentage of different oils absorbed after 2, 4 and 6 hours. 


Tj-pe of oils. 

Percestaoe or 

DIFFEREyT OILS 

ABSORBED AFTER 

2 hours. 

4 hours. 

6 hours. 

Mustard oil 

27-6 ±0-871 

o6'3 ;Ji0‘752 

64-0 ±0-867 

Coconut oil 

36-0 ±1-063 

42-7 ±0-740 

49-8 ±1-171 

Olive oil ... 

41-1 ±0-478 

48-9 ±0-719 

59-8 ±0-858 

Ground-nut oil 

35-13±0-334 

52-0 ±0-428 

59-9 ±0-480 

Kesarae oil 

36-2 ±0-33.-'> 

46-1 ±0-273 

.■)7-3 ±0-191 

Co« butter-fnt 

40-S ±0-511 

47-97±l-390 

59-]3±0-735 
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Table IX, 


Effect of amount of oil administered on the rate of absorption. 

(Oil taken — coconut,) 


Amount 

administered, 

g. 

Amount 
recovered from 
stomach-tube, 

g- 

Exact amount 
administered, 

g- 

Amount extracted 
from stomach and 
intestine, etc., 
g- 

Amount 

absorbed, 

g- 

Percentage 
of absorption. 

Mean 

percentage of 
absorption. 

1 

0-0856 

0-7021 

0-4739 

0-2282 

32-5 ^ 


0-7877 \ 

0-1050 

0-6827 

0-4704 

0-2123 

31-1 

■ 32'3±0'355 


0-0987 

0-6890 

0-4.593 

0-2297 

33-3 



" 0-0987 

1-4767 

0-9997 

0-4770 

' 32-3 1 


l-o7o4 

0-1076 

1-4678 

0-9262 

0-.541G 

36-9 

■ 36 ±0-100 


0-1036 

1-4718 

0-0007 

0-5711 

38-8 



" 0-0973 

2-2658 

1-3480 

0-9178 

38-3 


2-3631 - 

0-0759 

2-2872 

1-.3823 

0-9049 

39-3 

■ 3S-8±0-]59 


1 0-1021 

2-2610 

1-3737 

0-8873 

38-8 

' 


Analysis of the data. 

The probable error of the mean results is indicated in the tables. Analysis of the mean 
values obtained 2 hours after administration reveals that the difference of 13'2 ± hOl 
between the absorption of cow butter-fat and mustard oil is clearly significant. The 

difference of 8'4 dc 1‘371 between the absorption of coconut and mustard oils as also t e 

difference of 4'8 ± 1-175 between cow butter-fat and coconut oil are significant. 

Four hours after administration the difference of 4-3 i 0-86 between the absorption 
of mustard and ground-nut oils is significant. The difference of 9-2 ± 1-27 between 
and ground-nut oils 6 hours after administration is significant being 7-24 times its proba e 
error. 

Results and discussion. 

~ From the results it is clear that there are appreciable differences between the ° 
absorption of the various fats and oils, especially when we consider the results of absorp i 
in the first few hours. It is seen that 2 hours after administration, olive, oil jg 

butter -fat are the most rapidly absorbed, while mustard oil is the least absorbed, 
to be expected since the former varieties contain a larger percentage of 
acids and as these are somewhat water-soluble, they are likely to be absorbed more n P 
than the long-chain fatty acids. The results, however, become striking 4 hours a 
fat is administered when it is seen tliat mustard oil is absorbed to the greatest 
difference between the rates of absorption of olive, sesame and ground-nut 
cow butter-fat is not marked at this time and at the 6-hour ^ 

identical except in the case of coconut oil which shows less a,bsorption than le . 

The results of our previous investigation (Basu and Nath, he. cit.) have shown » > 
the 24-hour period, the absorption of all the natural fats and oils is almost gj] 

it is probably from the results at the 6-hour period that the percentage of absorp 
the fats and oils except coconut oil tends to. become equal. 
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In contrast to tlie findings of Denel, Hallman and Leonard {loc. cii.) and also of Steen- 
bock, Irwin and Weber [loc. cit.) it bas been fonnd that the rate of absorption of oil 
(coconut oil in our case) increases slightly with an increase in the amount of oil administered 
{see Table IX). With increased ' amounts of the oil fed the absolute amount absorbed, 
however, increased in all their experiments. The comparisons of the above-mentioned 
authors were made 3 hours after the administration of the oil, iTe. when the absorption 
was well on its way, while in our experiments comparisons were made 2 hours after adminis- 
tration. The effect of concentration may possibly change after this interval. 

SrJM^URY. 

The rates of absorption of mustard, coconut, olive, ground-jiut and sesame oils and 
of butter-fat have been compared using rats (225 g. to 250 g. weight) as test animals. The 
fats were fed by the stomach-tube and at the end of definite intervals (2, 4 or 6 hours) the 
rats were killed, the intact gastro-intestinal tract was removed and the fats remaining 
unabsorbed were determined. 

Two hours after administration olive oil and butter-fat were found to be the most 
rapidly absorbed fats. After 4 hours mustard oil is absorbed to the greatest extent and 
the others show almost equal rates of absorption. After 6 hours the fats are all almost 
equally absorbed, the absorption of coconut oil being slightly less than that of the others. 

With an increase in the amount of coconut oil administered the rate of absorption of 
the oil was found to be slightly increased. 
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The problem of the influence of dietary fat on calcium utilization lias received 
considerable attention with somewhat conflicting results. Nearly all investigators have, 
however, worked with rats and have shown that the addition 6f fat to a fat-free diet has 
often a favourable influence on calcium utilization. Variations in experimental conditions 
and dietary regime have, however, led to diverse conclusions. Knudson and Floody (1940) 
and Jones (1940) furnished clear-cut evidence that moderate levels of fat in the diet favoured 
the utilization of calcium. Earlier investigators in this field, viz. Cronheim and Muller 
(1908), Bahrdt (1910), Eothberg (1907) and Birk (1907), found that as the amount of fat 
in the diet increased above a moderate level, calcium soaps in the stool also increased. 
Bosworth, Bowditch and Giblin (1918, 1918a) concluded that the presence of soluble 
ionized calcium in the intestine determined the extent of soap formation, while loss in the 
fasces depended not only upon the amount of calcium soaps formed but also upon their 
nature, calcium oleate being much more soluble in the normal intestinal fluids than was. 
calcium palmitate or calcium stearate. It was shown by Givens (1917) that in the case 
of low fatty acid utilization, e.g. with ethyl pahnitate and palmitic acid, the loss of calcium 
was increased. 

Some recent publications also point to the same results. Jones. (1942) and French 
(1942) have independently proA^ed that in rats dietary fat increases the acidity of the in- 
testinal contents, in particular in the jejunum and lower ileum, and that this change in 
acidity is responsible for increased absorption of calcium and phosphorus. Booth, Henrj’ 
and Kon (1942) have found that on a high calcium, low phosphorus diet calcification of 
bones is definitely aided by the presence of fat in the diet. The effect is not CAudent with 
a loAv calcium, high phosphorus diet. 

Telfer (1923, 1930) has outlined the mechanism as follows : Free fatty acids dissoh^e 
calcium phosphate Avith the formation of calcium soaps Avhich are then absorbed. He has 
also pointed out that if fats and phosphates are both Ioav, calcium carbonate may he excreted 
in an alkaline stool. The form in which calcium is eliminated from the intestinal tract 
■. is, therefore, associated with the pH of the intestinal contents as a consequence of the effect 
of acidity upon solubilitA^ 

It Avas, hoAveA'er, indicated by the AA'ork of Boyd. Crum and Lyman (1932) that all the 
calcium soaps are not absorbed equally. The three soaps inA’estigated by them were calcium 
oleate, ealcium palmitate and calcium stearate. The first showed the highest percentage 
of absorption and the last-named the least. ^ 

When fats and oils are taken, they are mostly resolved, by the action of fat-splittiim 
enzyines. into a mixture of fatty acids in the intestine. Each fat has a definite composition 
peculiar to itself so far as its fatty acid make-up is concerned. As already pointed out 
some of these fatty acids then form salts Avith calcium. The Avork of Boyd {loc. cit.) has 
definitely shoAvn that the percentage of utilization of different calcium soaps is not equal 
This being the case, it may be possible that a difference in the nature of the calcium soans 
formed out of the fatty acids of different fats and oils may result in a difference in the 
amount of absorption of calcium. 
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The purpose of the present Investigation was to find out wiiether there was any relation 
between the nature of the oil fed and the total ajnount of calcium absorbed. An attempt 
was also made to find whether any relation existed between the nature of the oil fed and 
phosphorus metabolism. 

'Experimental. 

The experimental procedure was the same as that reported in previous communications 
by Basu and his co-workers (Basu and Basak, 1939 ; Basu, Basak and Be, 1941). An 
experimental diet of the composition rice 600 g., pulses 70 g., fish 60 g. and vegetables 200 
together with 60 g. of the oils was consumed by healthy male subjects for 7 days. The first 
3 days were observed as a preliminary period and the urine and faeces of each subsequent 
period of 4 days were collected and analysed and the mean of daily analytical figure is 
represented. The analytical methods for the estimation of calcium and phosphorus were 
the same as employed in the previous investigations of Basu el al. (1939, 1941). 

Tables I to VI show the metabolism data of calcium and phosphorus with 'different 
oils as dietary fat with different subjects : — 

Table I. 


Calcium metabolism with different fats. 
Subject : G. C. D., 24 years, weight 60 kg. 


Diet. 

Food Ca 
(mg.). 

Urinary Ca 
(mg). 

F.-ecal Ca 
(mg.). 

Total Ca 
excretion 
(mg.). 

Balance 

(mg.). 

Basal and fat-frec ... 

253 

52-6 

193-7 

246-3 

6-7 

Basal and mustard oil 

262 

43-1 

123-5 

163-6 

98-4 

Basal and coconut oil 

247-6 

47-2 

208-3 

255-5 

—7-9 

Basal and ground-nut oil 

259-7 

35-G 

182-1 

217-7 

42 

Basal and sesame oil 

243-2 

32-4 

182-7 

215-1 

28-1 

Basal and cow buttcr-fat 

241-7 

30-9 

176-6 

212-5 

39-2 


Table II. 




Calcium metabolism with different fats. 

Subject : C. B., 18 years, weight 50 hg. 


Diet. 

Food Ca 
(mg.). 

Urinary Ca 
(mg.‘). 

F.-ccal Ca 
(m’g.). 

Total Ca 
excretion 
(mg.). 

Balance 

(mg.). 

Basal and fat-free ... 

205-5 

38-7 

180-6 

219-3 

— 13-S 

Basal and mustard oil 

209-5 

31-5 

132 

163-5 

46 

Basal and coconut oil 

217-2 

78-1 

260-8 

328-9 

—111-7 

Basal and ground-nut oil 

Basal and sesame oil 

206 

221 

33-7 

26-5 

169-8 

161-2 

203-5 

187-7 

2-5 

33-3 

Basal and cow butter-fat 

213-6 

34 

182-7 

216-7 

—3-1 

■* ■ , 
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Table III. 

Calcmm metabolism with different fats. 
Subject : I. B. G., 19 years, weight 53 hg. 


Diet. 

Food Ca 

(rag-)- 

Urinarj' Ca 

(mg-). 

Faical Ca 

(mg-)- 

Total Ca 

excretion 

(mg.). 

Balance 

(mg.). 

Basal and fat-free ... 

177 

42-9 

133-9 

176-8 

0-2 

Basal and mustard oil 

187 

34-7 

65-2 

99-9 

87-1 

Basal and coconut oil 

180-8 

75 

228 

303 

—122-2 

Basal and sesame oil 

180-8 

36-6 

116-7 

152-3 

28-5 

Basal and ground-nut oil 

186 

25-3 

149-6 

174-9 

11-1 

Basal and cow butter-fat 

193-6 

31-3 

123-7 

155 

38-6 


Table IV. 


Calcium metabolism mth different fats. 


Subject 

: S. C. D., 

, 19 years, 

weight 52 kg. 


Diet. 

Dietary Ca* 

(mg-)- 

Urinary Ca 
(mg.). 

Fmcal Ca 
(mg.). 

Total Ca 
excretion 
(mg.). 

Balance 

(mg.). 

Basal and fat-free ... 

485 

165-8 

351-3 

517-1 

—32-1 

Basal and mustard oil 

487-3 

62-5 

330-0 

393-1 

94-2 

Basal and coconut oil 

482-7 

88-4 

508-2 

596-0 

-113-9 

Basal and ground-nut oil 

503 

79 

312 

391 

112 

Basal and sesame oil 

492-5 

• 127-9 

328-6 

456-5 

36 

Basal and cow butter-fat 

512 

45-3 

189 

234-3 

277-7 

Basal and buffalo butter-fat ... 

497 

53-4 

201-3 

314-7 

182-3 


* The comparnfiveJy Jargcr intake of calcium in this experiment is due to inclusion of leaves of 
CucurbUa prpo (pumpfon) n, the vegetables taken. These leaves contain 240 mg. to 300 mg of 
calcium per 100 g. of the moist leaf. A — ... b y mg. oi 


l“s^4ir-mm«nir,enor Siic.4-oS!^’‘ "" a-Uability of calcium in Cueuri.Va pepo 
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Table V. 

Phosphorus meUiholism with different fats. 


Subject 

: /. B. (?., 

19 years, 

weiyht 53 h/. 


Diet. 

Dietary P 
(mg). 

Urinary P 
(mg.). 

I'-iccal P 
(mg,). 

Total P 
e.vcretion 
(mg.). 

Balance 

(mg.). 

Basal and fat-free ... 

m-r> 

105-.-) 

145 

340-5 

47 

Basal and mustard oil 

37r)-f) 

15D2 

130-3 

203-5 

82-1 

Basal and coconut oil 

302-8 

lf)3-7 

161-2 

324-9 

67-9 

Basal and sesame oil 

385-/ 

102-5 

140-1 

308-6 

77-1 

Basal and ground-nut oil 

373T> 

150-2 

151-0 

.301-8 

71-7 

Bhsal and cow butter-fat 

30.5-7 

171-2 

152-3 

323-5 

72-2 


Table YI, 

Phosphorus metaboUsin with 
Subject; jS. C. D.. 19 years. 

dijfferent fats, 
weiyht 52 hj. 

4 

Diet, 

Dietary P 
(mg.). 

Urinary P 
(mg.j. 

Ffecal P 
(mg.). 

Total P 
excretion 
(mg.). 

Balance 

(mg.). 

Bas.al and fat-free ... 

721 

276 

215 

491 

230 

Basal and mustard oil 

740 

189 

174 

363 

383 

Basal and coconut oil 

71.5-1 

221 

189 

410 

305-1 

Basal and ground-nut oil 

732 

207 

232 

439 

293 

Basal and sesame oil 

726-3 

239 

235 

454 

272-3 

Basal and cow butter-oil 

718 

180 

162 

348-2 

369-8 

Basal and buffalo butter-fat .... 

705-.5 

193-8 

227 

420-8 

284-7 ' 
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Discussion. 

The data prove definitel)' two things : (1) first!}', the presence of fat in the diet 
greatly favours the absorption of calcium and phosphorus in the bod}'. Addition of fat 
in the diet lowers the excretion of the calcium and phosphorus by the urinary tract to a 
great extent.' The excretion of phosphorus in the faeces is also decreased to some extent 
and the elimination of calcium through the faeces is reduced to a much greater extent in all 
cases except with coconut oil. Probably the fatty acids form absorbable calcium soaps with 
calcium which would otherwise have been excreted as insoluble calcium carbonate, (2) all 
fats are not equally efficient in bringing about favourable calcium absorption and indeed 
on basal diet and coconut oil there occurs a drainage of calcium from the body. The intake 
of coconut oil as the main dietary fat cannot be recommended in view of the results 
obtained in this investigation. "When coconut oil was used as the sole dietary fat, the 
experimental subjects were invariably in negative calcium balance. The fsecal excretion 
of calcium was greatly increased and in three cases out of four exceeded the intake of 
calcium. "With this oil in the diet the urinary elimination of calcium was generally higher 
than with other oils and butter-fat. The reason for this peculiar behaviour of coconut oil 
is not clear. Probably some particular calcium soaps that are being produced in the intes- 
tine as a result of digestion of the coconut oil are not absorbed at all. Further work is in 
progress in order to elucidate this point. 

Summary. 

The influence of the dietary fat on the calcium and phosphorus metabolism in four 
human subjects has been investigated. Inclusion of mustard, sesame or ground-nut oil 
or of butter-fat in the diet greatly favoured the absorption of calcium and phosphorus and 
the utilization of the minerals was better than in the absence of added fat. "W'ith coconut 
oil. however, the elimination of calcium through the faeces was greatly increased, the faecal 
calcium being in three cases greater than the amount of dietary caleium. The urinary 
excretion of calcium on coconut oil diet was also generally higher than with other fats. 
The use of coconut oil as the main dietary fat cannot be recommended in view of these 
findings. 
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It was realized long ago that diets containing appreciable amounts of fat are superior 
to those comprised almost entirely of carbohydrate and protein (Burr and Burr, 1930). 
But the question whether all fats and oils ate equally efficient still remains unanswered. 
Sure (1941) found that diets containing 15 per cent of lard, butter-fat, crisco, olive oil or 
wheat-germ oil were equally effective in promoting lactation and for the general well-being of 
the animals. Hoagland and Snider (1942) compared diets containing 5 or 15 pet cent 
of various lards or manufactured shortenings. The average growth rates of rats for all of 
the lards were essentially the same as the average for all of the shortenings. No known 
physical or chemical properties of the individual fat were found to be correlated with its 
dietary value. 

Scbantz, Elvehjem and Hart (1940) studied the efiect of different fats of vegetable 
origin on growth, general health and reproductive capacity by rat-feeding experiments and 
compared their results with that obtained with butter-fat. Por short-time experiments they 
found butter-fat to be superior to others in every respect. 

Such comparison between butter and other fats has been made from time to time in 
different laboratories with conflicting results. Boer (1941) postulated a new growth factor 
in butter-acids because his rats grew more rapidly on butter than on olive oil. Contrary 
to this is the finding of Euler, Euler and Salberg (1942) that Margarine promotes better 
growth than butter-fat. Boutwell, Geyer and Hart (1943) on the other hand found appre- 
ciably less growth on corn oil than on butter-fat homogenized into skim milk. So far it 
appears that no clear answer as to the cause of the difference between different trqies of fats 
has been obtained. 

Again, opinions vary as to the optimum level of fat in the diet at which it produces 
maximum growth. Maynard and Rasmussen (1942) showed with mixed diets of natural 
foods that the one containing the higher percentage of fat gave superior growth of young 
ones. Contrary opinions have also been expressed by many who are of the opinion that 
fat above a certain level produces deleterious effects by thronung an unnecessary strain on 
such organs as the liver. 

The present paper deals with the comparative nutritive values of different fats and 
oils, e.g. mustard, coconut, sesame and ground-nut oils and cow and buffalo butter-fats, so 
far as their effect on the growth promotion of young albino rats is concerned. A comparison 
has also been made among three levels of fat intake in the diet, Hz. 3. 6 and 9 per cent. 


Expekiwextai.. 

The general plan followed in the investigation was to feed rats on diets all the consti- 
tueut-s of wliich were the same excepting the fat portion which was different for different 
groups. Tlie diet was similar in composition to those which are generally used in nutritional 
experiments containing all the essential food ingredients in optimum 'as well as balanced 
amounts. It consisted (in parts per 100) of ether-extracted egg-protein 10. salt mixture 
(Osborne and Mendel. 1913) 4, agar 1, sucrose 9, calcium carbonate ]. fat or oil fi and 
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starch 69. Vitamins A and D were supplied in the form of Adexolin and vitamin B 
complex as yeast extract. All diets were made up at Aveekly intcivals and Avere stored 
in the refrigerator. 

Using a diet of this composition as the basis, six different diets in each of Avhich tie 
fat fraction Avas different as already mentioned, Avere fed to respective groups of rats during 
an experimental period of eight Avecks. Young albino rats one month old and A\'eigliii» 
from 40 g. to 50 g. Avere used in these inA’-estigations. Four animals Avere taken in each 
group, care being taken in the group distribution to minimize both litter and sex Amriations. 
Each rat was kept in an individual cage and a Aveighed amount of Avell-cooked diet Avas 
supplied together with AV{j,ter ad libitum. The Aveight of the diet supplied to each rat Avas 
accurately recorded and due correction Avas applied for any amount of diet that AA-as not 
consumed by the animals. Bi-weekly records of the Aveights of individual rats Avere kept. 
The first Aveek Avas obserA’-ed as a preliminary period to eliminate the effects of diets taken br 
the rats previously and the Aveight of the rats and the amount of diet consumed by tlicm 
and used in the calculation shoAvn in the tables Avere recorded from the second Aveek. 

Table I shows the comparative rates of groAvth of rats on the different oils and fats 
already named, growth being measured as increase in Aveight of rats per Aveek per g. of fat 
ingested. 


Anata'sis of the data. 

The probable error of the mean growths has been indicated in the Tables. Analysis of 
these mean Amines shoAvs that the difference of 0-25 A 0 0263 betAveen the growth Avitli 
mustard and ground-nut oils is distinctly significant, the difference being 9‘5 times the 
probable error. The difference betAA'een mustard and coconut oils. 0'05±0‘0217, is only 
2'30. times the probable error and is, therefore, not significant. The difference bet-AA’een 
butter-fat and vegetable oils is obviously significant. 

In the experiments on the effect of concentration of bntter-fat on groAA'tb the difference 
of 0’49 ifc 0-0529 between the 3 and 6 per cent levels is significant. In the case of C and 
9 per cent levels the difference 0-02 ± 0-037 is not significant, the probable error being 
greater than the difference. 


Results and discussion. n 

From the results it is clear that, of all the oils and fats studied, butter-fat induced the 
maximum degree of growth and sesame oil the least. The reason for such differences in 
the groAvth-stimulating properties of difierent oils and fats is little understood. Of coni'se 
it is true that food consumption was slightly increased in the cases of rats on butter-fat in 
comparison with those on vegetable oils. Better groAVth Avith these may be due to the genera 
effects of increased amounts of food materials but in the case of the rats on diets 
vegetable oils, where food consumption was nearly equal in all cases, an appreciably be ■ 
growth was obserAmd with ground-nut oil than that with other oils. 

The presence in fats and oils of some particular fatty acids AA'hich can 
growth than others, might be one possible explanation of this different behaAdour offa s ai 
oils. It is very doubtful whether this explanation can stand scrutiny. It has been s a 
by Burr and Burr (loc. cit.), as well as by a number of other investigators, that the t 
requirement of fatty acids essential in nutrition, namely, linoleic and linolemc aci 
exceedingly small. According to the analysis recorded by Jamieson (1932), Jmo 
is present in a number of vegetable oils and fats. In ground-nut oils it constitu ® ^ ‘ 

25 per cent and in sesame oil about 35 per cent of the total fatty acids. Other 
oils and fats also contain linoleic acid in greater or less -amounts. ^ 

On the contrary, investigations haAm shown that it is the saturated fatty 
of fats and oils which induced better growth in comparison Avitli the unsaturatec ‘ 
portion. Thus the content of saturated fatty acids might serve as the „ ^jls juid 

ing the growth-inducing A'^alue of different fats and oils. Chemical analysis o 
fats, however. shoAvs no marked difference in their content of saturated fatty 
some other factor m.ust be sought to account for the clifierence in groAvth-prom o 
of different oils- and fats. 
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Experimental results. 





Grotvlh of young rats on various levels of hutler-fat intake. 




Attempts liave also 1)eeii made to explain tWs diflerence wtli respect to tlie content 
of unsaponifiable material but no decisive conclusion vas reached. The trend of modern 
researches suggests that fats and oils contain some so far unidentified factor which is 
responsible for inducing different growth rates. 

Table II shows that of the three levels of fat intake studied, viz. 3, 6 and 9 per cent, 
maximum growth is induced at the 6 per cent level whereas a slightly lower value, which 
is not statistically significant, is' obtained in the case of the 9 per cent level. A rather poor 
growth is obtained when the fat is given at 3 per cent level in the diet. Further experi- 
ments are required to decide Avhether administration of fat at a level higher than 9 per cent 
would have an adverse effect on growth. 


Summary. 

Butter-fat fed at 3, 6 and 9 per cent levels to ^'oung rats induced maximum growth 
at the 6 per cent level ; the growth was poor at the 3 per cent level. The difference in growth- 
at the 6 and 9 per cent levels is not significant. 

With mustard, coconut, sesame or ground-nut oil or with cow or buffalo butter-fats 
fed to young rats, all at 6 per cent level, maximum growth — an increase in weight of about 
12 g. per week and 2-25 g. per week per g. of fat intake — was obtained with cow butter-fat. 
The growth with buffalo butter-fat was slightly less. The vegetable oils gave less growth. 
Of the vegetable oils ground-nut oil gave the greatest (1-79 g. per week per g. of fat 
intake) and the sesame oil (1-32 g. per week per g. of fat intake) the least growth. Mustard 
and coconut oils gave a growth intermediate between ground-nut and sesame oils and the 
difference between mustard and coconut oils was not significant. 
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The importance of aneurin or thiamin in biological reactions in the prevention and cure 
of beri-beri and various other diseases has proved it to be an essential factor in the 
diet. The thiamin content of various foodstuffs has been determined by many workers 
in India and abroad. Such a knowledge is essential in evaluating the thiamin content of 
a particular diet and in suggesting diets adequate with regard to that vitamin. Thiamin 
is. however, heat labile, and cooked foods are generally taken by human beings. Thus, .a 
mere knowledge of the thiamin content of rarv foodstuffs is not enough in assessing the 
actual intake of thiamin. The study of the effect of cooking on the retention of thiamin 
is, therefore, a subject of great importance. 

Arnold and Elvehjem flQSQ) studied the effect of processing on the thiamin content 
of beef-lung, beef-kidney and beef-spleen. The influence of processing on the thiamin content 
of rice was shown by Kik and van Landingham (1943). The effect of canning on the 
thiamin content of some vegetables was studied by Harris, Procter, Goldblith and Brody 
(1940), Grzhivo and Kondrashova (1940), Parrel and Fellers (1942) and by Clifcorn and 
Heberlein (1944), 

The effect of cooking on the retention of thiamin in fresh and frozen peas was shown by 
Barnes. Tressler and Fenton (1943), in peas by Rose and Phipard (1937) and by Johnston, 
Schauer, Rapaport and Deuel (1943). Retention of thianrin in meat after cooking and 
roasting was studied by Ilcintire, Schweigert. Henderson and Elvehjem (1943), Schweigert, 
Vcintire and Elvehjem (1943) and by Cover. McLaren and Pearson (1944). 

The thiamin content of five varieties of potatoes after cooking was estimated by IVertz 
and AVeir (1944). Aughey and Daniel (1940) studied the effect of cooking on potatoes and 
spinach. Hoff (1933) reported that there was a loss of more than 50 per cent of the vitamin 
Bi in spinach cooked by ordinary household methods. Nagel and Harris (1943) estimated 
flic loss of thiamin in restaurant cookdng and holding of some vegetables. ATtamin losses 
in large-scale cooking in the case of peas, beans, spinach, carrot, potatoes and cabbage 
were studied by Heller. AIcCay and Lyon (1943). A comprehensive study of the 
effect of cooking on the retention of thiamin in common Indian vegetables is lacking 
.and hence the necessity of undertaking such an investigation seems to be a subject of 
importance. 

Aluch thought has also been given to the mode of destruction of thiamin during cook- 
ing. Sherman and Burton (1926) observed that tomato juice lost 20 per cent of its thiamin 
content through heating at 100°C. for four hoiu-s at the natural pH of 4‘28 but that when 
the pH was raised to 9-2 the destruction was 60 to 70 per cent in one hour. Factors 
involved in the destruction of vitamin Bj by heat are little understood since losses of 
vitaniin Bj may occur in one foodstuff but not in another under similar process of 
cookinu. In attempts to elucidate this point we felt that it would be interesting to studv 
the effect of cooking on the ‘ free Bj and ‘ bound Bj', i.e. cocarboxvlase contents of 
foodstuffs. 
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Exl>EKlMJiN'J'Al.. 

The fluorometric method based on Jansen’s (1936) thiochrome reaction as developed 
AVaug and Harris (1941, 1942) was used lor the estimation of thiamin. The method sut^^ 
gested by the Committee on Vitamin Fortification of the American Association of Cerenl 
Chemists as modified by Moyer and Tressler (1942) was followed for the extraction and 
liberation of the vitamin from the vegetables. As recommended by Brown, Hamin aad 
Harrison (1943), takadiastase was used instead of clarase for the enzymic liberation of the 
vitamin and incubation was effected at 62°C. for two hours. _In the case of flesh foods 
digestion was effected with papain as well as with takadiastase. As only a very limited 
supply of i 80 -but 5 d alcohol was available, normal butyl alcohol was tested and found to 
be satisfactory. Farrer (1941) also showed that the normal alcohol could be used for the 
estimation of thiamin. Recovery of added thiamin usually ranged from 75 to 100 per cent. 

The vegetables and other foodstuffs were all collected from local markets. Only edible 
portions were taken for analysis. There was no j^reliminavy washing. The thiamin content 
was determined in the raw as well as in the cooked portion of the same sample. Cooking 
was done by boiling for half an hour in distilled water. The whole of the boiled e.xtract 
together with the boiled portion was used in the estimation. The effect of cooking on total, 
free and combined Bi content of foodstuffs is indicated in Tables I and II : — 

Table I. 

Thiamin content of vegetables before and after cooldng. 


Common name 
(English and Bengali). 


Botanical name. 


Tliiamiji content Thiamin content 
before cooking, after cooking, 
in jUg. per 100 g. in (ig. per 100 g. 


Percentage of 
vitamin B, 
retained after 
cooking. 


Amaranth (tender) 

Dudhkdchu (black-tuber) 

Borboti ... 

Bitter gourd (small) ... 
Bottle-gourd (Lau) 

Bottle-gourd leaves and tendril ... 

Brinjal 

Carrot 

Cabbage ... 


Chfil kumra 

Drumstick (or Indian horbc-radish) 

Dhenki sfik 

Garlic 

Jhinga 

Jack, tender punipkin.s 
Jute leaves 

Kumra (pumpkin), sweet 
Kumra (pumpkin) Icave.s 
Motor shunti (peas) ... 

Onion 

Papaya (raw) 

Potato 

Plantain flower 
Plantain stem 
Plantain, green 
Pepper, green 
Patol 

Puin sak ... 

Potato (sweet) 

Seem 

Spinach (sAveet) 

Tomato, green 
Turnip (coloured) 

Thalkuri ... 

Helfincha ... 


A maraiithus gangeticut- 
Xantliosomn violaccuvi 
Vigna caljang 
Momordica charantia 
Lagevaria vidgarit< 

Hahtnum mrlongcua 
Daiicit/f carota 
Brassica olcracea var. 
capilala, 

Bcnincasa ccrifrra 
Moringa olcifera 
Diidazhcm csculnilum 
AUhtm satiaim 
Lvffa acutangidu 
Arlocarptis inlcgrifotia 
Corchorus capgidaris 
Cuevrbita sp. 


Pisum salt vim 
Allivvi cepa 
Carica papaya 
Solamim Ivbcrosum 
Miisaparad isiacn 


Cajisicvm fridcbcejig 
Trichosanihes dioica 
Basella rubra 
Ipomoea batatas 
DoUcJios lablab 
Beta vulgaris 
Lycopersicuni esculadum 
Brassica rapa 
Hydrocoiyh asiatica 
Enhjdra jlticiuans 


24-0 


lS-0 

33-0 


29-0 

GO-0 


oO-O 

42-0 


30'0 

lO'O 


3-0 

20-0 


17'o 

30-0 


9-0 

29-0 


22-0 

50-0 


30-0 

12-0 


5-0 

2-1 


PS 

0-n 


4-0 

33-0 


24-0 

30-0 


22-5 

20-0 


8-0 

21-0 


12-0 

42-0 


19-8 

00-0 


.39-0 

28-0 


lS-0 

44-0 


.32-0 

18-1 


11-0 

.dO'4 


38-0 

20-0 - 


Nil 

3-8 


2-5 

04-3 


lO-O 

12-5 


9-0 

48-0 


22-4 

30-0 


12-5 

40-0 


25-0 

28-0 


18-0 

15-0 _ 


7-5 

25-0 


IS-5' 

30-0 


18-0 

16-5 

- 

7-.3 

5-0 


Nil 


75-0 

87-0 

S3'0 

71- 0 
50-0 
S7-5 
30-0 
70-0 
GO'O 

40'0 

56- 0 
CG-G 
74-0 
7.)-0 
40-0 

57- 0 
47-0 
65-0 
G4-0 
37-2 
CO'7 
75‘4 

m 

06-0 

IG'O 

72- 0 
53-3 
41-3 
G2-5 
64-3 
bO'O 
74-0 
59-4 
45-4 

Xil 
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Showing Ihe effect of cooking on the free and cocarboxylaae content of foodstuffs 

(in ^g. per 100 g.). 



' ‘Results and discussioi?. 

Table I slio\\s that all tlie vegetables investigated lost some of their ^tbiainin on coohing'. 
This loss seems to be due to the destruction of the vitamin as there was no other preliniinar}'^ 
treatment. Lnnde. Kringstad and Olsen (1940) stated that in cooking the danger of loss 
of vitamin Avas by extraction rather than by heat-destruction. Other investigators, a 
reference to whose work has also already been made, are of opinion that there is little or no 
destruction of B, by heat — the loss being entirely due to preliminary extraction or blanching 
or leaching. The present inr^estigation sIioavs that the loss in cooking seems to be entirely 
due to heat-destruction as there was no other preliminary treatment in the case of the food- 
stuffs. The entire amount of vitamin Bj will of course become available only if the water 
in whicli the vegetable is cooked is not thrown away. 

From the results in Table II it is apparent that the loss of free Adtamin Bi ranges from 
50 to 100 per cent, Avhile the ‘ bound ’ or the cocarboxylase content of the foodstuff is 
practically constant before and after cooking. As all the foodstuffs were cooked at their 
natural pH, the variation in the percentage destruction of the free Bj may be explained 
from the obserAmtions of Beadle, Greenwood and Kjraybill (1 943) vdio reported that stability 
of thiamin to heat is a iunction not only of pll but also of the electrolyte system involved. 
Mclntire and Brost (1944) have studied the effect of concentration of amino-acids and 
related compounds on the stability of thiamin. Sure and Ford (1943) studied the effect of 
incubation at 37-5°C. on the stability of thiamin and riboflaAun in coaas' milk and observed 
that a quarter of the destructiA'-e potency could be attributed to the minerals in the millc. 
Thus, the Amriation in the percentage destruction of free Bj in Table TI may quite possibly 
be due not onlj^ to variations in the pH Avithin the tissues but also to Amriations in the 
electrol3''te systems and possibly to other factors sucli as the protein systems invoh^ed. The 
results presented in Table II clearlA^ point to the fact that the bound or the cocarboxylase 
portion of the Autamin present in the foodstuffs is not affected bj' heat and in the case of 
the nine represeutatiA''e foodstuffs reported in Table II the cocarboxjdase content remains 
practically constant after boiling the foodstuffs for half an hotir. 

Summary. 

The thiamin retention of thirt 3 '--five A'-egetables after cooking has been determined by 
the thiochrome method. 

A portion of the thiamin content of all the vegetables investigated is destroA'ecl by 
cooking. The aA^erage retention of thiamin after cooking of the Amgetables is about 60 
per cent. 

The percentage destruction of free Bi and of total Bj in the case of some foodstiifis has 
also been studied. It is found that only a portion (50 to 100 per cent) of the free Bj is 
destroyed b 3 '^ heat, AAFile the ‘ bound ' or the cocarboxylase portion of the foodstuffs 
remains practicall 3 ^ unaffected. 
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Table J. 


Average weekly relative growth rales {per cevl) of 18 rats, 
9 males and 9 females, fed on a poor rice diet 
with supplements of butter and ragi. 


■ 

Proportion of ragi in f he 

rice diet. 



Blitter. 






Nil 

1/r. 

1/3 


Total. 








P M F 

iW 

P 

M 


Nil ... 

3-lS t)-7S S-01 

10-07 

11-63 

13-30 

5.3-47 

0-4 g. 

3-48 2-05 7-26 

6-98 

7-97 

8-29 

36-63 

0-S p . 

0-12 ]-79 7-32 

3-88 

S-8S 

0-95* 

22-94 

Total 

IS-00 44-02 

o]-02 

' 11.3-04 


* I’his rat sufferett from 

a wound 

in the leg. 




Means 

per group. 




Proportion of 

ragi in the rice diet. 



Butter. 

Nil. 

1/6 

1/3 

Gbaud means. 

Nil 

5-0 

9-3 

12-5 


8-9 

0-4 g. 

3-1 

7-1 

8-1 


0-1 

0-S g. 

0-9 

o'6 

4-9 


3-8 

Gband means ' 3-0 

7-3 

8*5 


6-3 


The results show clearly that butter exerts a definitely inhibiting effect on growth, the 
effect being more marked the greater the amount given, and that ragi definitely augme 
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0 


0.4 


0.8 g. 


0 


2/6 PASTS 


1/6 


Daily supplement of butter. Ragi content in rice diet. 

Graph 1. Graph 2. 

Inflvieiice of butter and ragi on growth of rats fed on a basal rice diet. The curves show the regression 
of the average weeklv growth rate on the amount .supplied of butter and ragi respectively; each point based 
on 6 rats (c/. Table 11). 

The analysis of variance (Table II) shows that both the negative effect of butter and 
the positive effect of ragi are highly significant, and that there is no significant interaction 
between them. i.e. the presence of ragi did not facilitate the utilization of additional fat 
nor prevent its inhibiting effect on growth. 


Table II. 


Amh/sts of 

vfiriavce 

of fiiidivfjs iv 

Table I. 



Ite7n^. 

S. Sq. 

D. F. 

M. Sq. 

V. R. 

Probability. 

Bvitfr : — 

Linear recrcssion 

78-03 

1 

7S-03 

12-33 

0-01 

- 0-001 

Quadratic regression 

0-25 

1 

0-2.7 

0-04 

0-90 

- O-SO 

I!ngi .— 

Linear rei:re«5«ion 

00-7.-. 

1 

90‘7o 

14-34 

0-01 

- 0-001 

Quadratic rogi-o^'sion 

10-24 

I 

10-24 

1-62 

0-30 

— 0-20 

Ttngi and hvttrr inifractinn<f ... 

a-31 

4 

2-33 

0-37 

0-20 

- 0-07 


0-41 

1 

0-41 

0-076 

o-so 

- 0-70 

Error 

.-.0-62 

s 

6-33 



... 

Totai. 

239-01 

17 

... 

... 


- 


S. l^q. — Sum of squares : D. F. = Degrees of freedom ; M. .ciq. = Mean square or 
Tariance ; V. R. = Variance ratio. 
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Dtsottsrton’, 

It is probable (as judged by unpublished experiments with different South Indian cereals 
as partial srdostitutes or supplements to the poor rice diet) that the most important factor 
in ragi in augmenting growth in rats on the poor rice diet is its high calcium content. 
Calcium lactate has been shown to augment the growth rate markedly but not to counteract 
the adverse effect of additional butter in the diet (Mason el al., loo. oil.). The present experi- 
ment shows that neither the proteins nor other factors present in ragi are adequate to give 
that ‘ protection ’ which is provided by technical casein for the utilization of fat with the 
jroor rice diet. 

Summary. 

1. Butter and ragi {Elevswc comcima) were given as supplements in increasing amounts 
separately as wmll as simultaneously to young rats on a basal poor rice diet. 

2. Butter had a marked inhibiting effect on growth directly proportional to the 
amount given. 

3. Ragi substituted for part of the rice had a marked stimulating effect on growth 
directly proportional to the amount given. 

4. Butter and ragi when given simultaneously exerted their effects independently of ■ 
each other, i.e. ragi did not counteract the negative effect of butter. 
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Introduction; 

The' rate of absorption of fat may be measured either directly 'by determining at 
intervals the amount of fat remaining in the alimentary tract after feeding fat or indirectly 
by following the appearance of fat in the blood stream. Steenbock, Irwin and Weber (p,S6) 
delivered-by a tube 1-5 e.q. melted fat into the stomach of anresthetized rats. The animals 
were killed at fixed intervals and the fat remaining in the gastro-intestinal tract estimated 
by suitable methods. They observed that in anaesthetized rats. (1) partially hy^ogenated 
vegetable oils were absorbed as rapidly as lard or corn oil and (2) that butter oil, halibut- 
liver oil and cod-liver oil were absorbed uniformly at a more rapid rate than lard, corn oil 
or partially hydrogenated fats. Deuel, Hallman and Leonard (1940) found no consistent 
differences in the rates of absorption of hydrogenated cotton-seed oil, ‘ wintered ’ cotton- 
seed oil, butter-fat or coconut -oil. 

Irwin, Steenbock and Templin (1936) used the chylomicron technique of Gage and 
Pish (1924) for studying the rate of absorption of fats. ’ Fasted rats were fed 0'5 c.c. 
fat by stomach tube. A small drop of blood from the end of the rat’s tail was. touched 
with a glass-slide and examined under dark-ground illumination. The authors observed, 
however, that there were many errors in the technique and comparable results could not 
be obtained. 

Rapid changes in the fat content of the blood due to the absorption of fat are not 
easily demonstrable by methods involving chemical analysis as relatively large amounts 
of blood are required for this piurpose. RecentW. the use of chylomicrographs which show 
the number of fat particles in the blood with a standard dark-ground microscopic technique 
has made serial investigations of the blood-fat easier. The changes demonstrated by this 
method are sufficiently great to be significant but the quantitative relationship can at present 
be regarded only as relative (Prazer, 1940). 

Frazer and Stewart (1937, 1939) determined the most suitable technique for obtaining 
particle counts. They also carried out simultaneous estimations of neutral fat, cholesterol 
and ultramicroscopic particles in human blood after a fatty meal. They found that the 
.neutral fat curve ran parallel to that of the jiarticle count, whereas the' blood cholesterol 
cmve remained up and was still rising an hour or more after the other curves had returned 
to the basic level.^ Thus, the blood-fat curve rose and fell ^vith that of the particle 
count- and the timing of the basic levels and peaks of these two curves coincided 
exactly. The particles only increased after a fatty meal ; carbohydrate and proteins 
did not affect the particle count. Elkes. Fraze'r and Stewart (1939) later .showed 
that the composition of . particles seen in normal human blood under dark-ground 
illumination was fatty and that there might be a layer of absorbed globulin at the 
oil-water interface. ' . 

Frazer and Stewart (193r) observed that the lipsemia following a meal containiim butter 
fat occurred within H hours of ingestion and reached a maximum in 2 to 3 hours the ciuwe 
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returning to the resting level in 4i- hours. The reliability of the chylomicron count in the 
determination of blood lipoids and in studying the rates of fat absorption has been confirmed 
by Cooper and Lusk (1942). 

Frazer’s (loc. cit.) method thus appeared to be suitable for the study of the comparative 
rates of absorption of different edible fats. The investigation could be carried out on 
human beings under normal physiological conditions. The quantity of blood required 
WQuId be" small and the results quickly obtained. 


Experimental. 

Subjects cmd the standard meal. 

The subjects were all normal and healthy memliers of the staff and were between 20 
and 40 years of age. They had their last meal before 9-30 p.m. on the previous evening and 
came to the laboratory early in the morning with an empty stomach.’ Blood samples 
were taken before the standard meal and then at hourly intervals for the next 5 to 
7 hours. 

The standard meal ‘was generally 1 oz. of the fat to be investigated along with 2 oz. ■ 
of bread or chapattis (unleavened bread) made from 2 oz. of wheat flour. In additicn 
a cup of tea with a little milk in it might or might not be tajren.. The meal was eaten 
within a period of 5 minutes. 


Collection of blood and examination of specwien. 

(а) Sptecinien of blood . — The specimen waa collected in a fine capillary tube after finger 
puncture. The capillary tube was then sealed at one end and the blood was allowed to clot 
in the tube which was incubated at 37°C. for 2 hours. After one hour, the clot was gently 
separated at its upper end and left to contract. 

(б) Preparation of the specimen. — A tiny drop of the separated serum was transfened 
by a narrow pipette to a clean slide of the correct thickness so as to give the thinnest possible 
film under the coverslip. 

The thickness of the slides was I’Oinm. which was checked by passing the slides 
through a special gauge ; and the coverslips were gauge 0 with a diameter of 16 mm. 

(c) Optical system . — A 1/12 inch oil immersion apochromatic objective, X 20 eyepiece, 
cardioid dark-ground condenser with a pointolite lamp as illuminant were used. A suitable 
stop was jilaced in the eyepiece limiting the field of observation. 

(d) Counting . — In the early part of tlie investigation two persons counted 10 fields eack 
Usually the difference between the averages of the two observers did not exceed 5 to 10 per 
cent. Later on, however, the counts made by one of the authors were occasionally checlre 
for their accuracy. 

In examining a specimen, there are three definite planes, as described by Fmzer (kc. 
cit.), that can be focused. Two consist of still particles which are adsorbed to the 
slip or slide and are not numerous in a ' good preparation. Between these two m 
is seen a layer of moving particles and it is this plane which is exanunecl. 
particles are of two types, dull and bright. No alteration of lighting' or focus changes 
duILparticle into a bright particle or vice versa. 


Blank experiments. 

In order to test whether eating bread alone contributed to the rise in the pmticle 
blank experiments were carried out. The subjects were given 2 oz. bread on y 
blood samples were examined before and after its ingestion. 
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Graph. 1 represents the cliylomicrograph of the above experiments. In this and all the 
subsequent graphs the subjects have been indicated by identical signs which are given in 
the legend below Graph 1 : — 



Graph 1. — Chylomicrograph after _ ingestion of 
2 oz. bread only. Five subjects. 

Ltgcnd : — 

N. 0. N. • V. N. P. 

P. K. D. N. M. C 

K. S. E. 

These subjects are indicated by similar signs in 
all the subsequent figures. 

Jlost o£ the experiments were carried out in duplicate at intervals of a week or more. 
The results obtained with any one subject were reproducible within certain limits, c.g. the 



Gr^ph 2.— Chylomicrograph after ingestion of 1 oz. ghee in test meal. 
Two observations on subject X. G. X. 
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feeding of the same quantity of a particular fat in the standard meal to the same subject 
gave a maximum chylomicron count which although not identical was attained at the 
same interval after feeding as had been observed earlier. Tlic results of two such experi- 
ments arc illustrated in Graphs 2 and 3 : — 


aoo 



o' — — 

12 3 4 6 

Hours. 


Graph 3. — Chylomicrograph after ingestion of 1 oz. ghee 
ill test meal. Two obscrv'ations. Subject N. M. C. 


Experiments with edible fats. 

Butter . — Experiments with 30 g. of fresh dairy butter with 2 oz. bread were carried 
out on five volunteers. The results are shown in Graph 4. The maximum count was reached 
in between 2 and 3 hours. In most of the experiments the particle count returned to the 
low level by the 5th hour. No rise in the particle count has been observed in the first 
hour except with the subject K. S. R. . 



Graph 4. — Chylomicrograph after ingestion of 1 oz. 
blitter in test meal. Pive subjects. 

Ghee . — 'In India, unlike in the Western countries, ghee prepared from butter is used for 
the j^urposes of eating as well as in cooking. In the following experiments, ghee 
‘prepared from fresh dairy butter by gently boiling off the water. The standard mea ^con 
sisted of Iroz. ghee and 2 oz. bread. In some experiments Chapatlis prepared from 
of wheat flour were, eaten instead of 2 oz. bread along with the ghee. In Table I are gn 
the results of these experiments from which it will be clear that either bread „ 

could be eaten with the fat without altering the trend of absorption. Graph 5 illus ra 
the absorption of ghee from the intestines. 
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Table I. 


Chylomicron counts after the ingestion qf-l oz. ghee with 2 oz. bread or 
chapattis made from 2 oz. of v'heat flour. 


Haul's. 

X. G. X. 

P. 

K. 1). 

X. 

91. C. 

p Bread. 

Chapatti.** 

Bread. 

Chapalti.** 

Bicad. 

Chapalti.** 

0 

30-0 

2S-6 

20-7 

37-3 

.(0-6 

46-3 

1 

27-1 

44-0 

32-0 

29-9 

50-5 

43-4 

11 

... 

47-3 

... 

37-5 

CO-2 

0 

16S-0 

210-0 

OS-7 

37-1 

149-0 

121-0 

21 


133-0 

... 

65-0 

... 

163-0 

3 

V 

12S-0 

lOS'o 

120-0 

112-S 

1S9-0 

1-30-5 

4 

12S-0 

121-0 

114-3 

79-0 

lol*5 

76-0 

o 

107-8 

00-0 

« 

114-0 

... 

124-8 

75-0 


Kolc . — **The results given in columns (Table 1) marked 111111 double asterisk at the toji'Iiave 
been incorporated in Graph 5. These are in addition to tho'c of the other tiio 
volunteers not included <n this table. 



Hours. ' 

GitAi'ii 5.— Ch.ylomicrograph after ingestion of 1 oz. "hec 
in test meal, Tiie subjects. 


f liypog.Ta) /iij.— Cold oil, as such, is seldom eaten and it i\a« 

found difficult to take ] oz. of the groimd-nut oil tvitli 2 oz. bread. All the subjects, how- 
e\cr. tolerated this standard meal although it gave rise to a certain amount of temnorarv 
nausea in some. One of the subjects actually vomited after the ingestion of the stludard 
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meal and tlie experiment had to be discarded. Graph 6 illustrates the results of tliese 
experiments : — 



GliAru 6. — Chyloniicrograpli after ingestion of 1 oz. groiincl-nut oil 
in test meal. Four subjects. 

The maximum count of the particles is obtained by about the 5th hour in all cases except 
the subject P. K. D. where it is seen to be in the 6th hour. After the 6th hour, with subjects 
N. G. N. and V. N. P., the count has reached almost the basal level but in subject P. K-P- 
it is still lagging behind. 

Hydrogenated groimd-nut oiL — ^In order to find out whether hydrogenation of an oil 
influenced its rate of absorption, a sample of a well-known brand of refined and partially - 
hydrogenated ground-nut oU obtained from the local market was used. The standard meal 
consisted of 1 oz. of this product with 2 oz. of bread. 

In one subject the maximum count was obtained in 3 hours and in two in 5 hours. 
In the remaining two subjects a high level of chylomicron count was reached in the 4th 
hour. This was, however, followed by a fall and again by a rise in the 6th hour. 



Hours. 

Guaih 7. — Chylomicrograph after ingestion of I oz. Vanaspati 
in test meal. Five subjects. 
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Sesame (Sesamum indioum) oz7.— Sesame oil is used in several parts of India for cooMng 
purposes. The standard meal in the experiment with the sesame oil consisted of 1 oz. oil 
along with 2 oz. bread. An increase in the particle count was noticed 'after 2 hours 
followed by a diminution in the next hour. There was a second maximum reached after 
4 hours (see Graph 8). A similar phenomenon was observed with the subject N. G. N. and 
N. jM. C. in the case of hydrogenated ground-nut oil. ' 



Graph 8. — Chylomierograpli after ingestion of 1 oz. sesame oii in test 
meal. Three subjects. 


Coconut (Cocos nucifera) oil. — Unfortunately, only two experiments could be carried out 
with this oil at no more volunteers could be induced to eat the standard meal containing 
this oil. In Graph 9 are plotted the results of these two experiments : — 



Graph 9. — Chylomicrograph after ingestion of 1 oz. cooonnt 
oil in test meal. T\ro subjects. 


^ both the experiments the maximum particle count was reached within a short period 
of 2 hours in contrast with that of the other vegetable oils. 

Frying in gJice. ^Apart from the quantity of fat eaten as such, the amount used for 
cooking purposes in the daily dietaries is not inconsiderable. The edible substance, when 
tried m fat, remains in an nndecomposed condition for a longer time. A small coating of 
fat IS formed all over the substance. This coating slows down the action of enzvmes in the 
stomach and it takes a longer time for fried substances to leave it. MTiether this delayed 
emptying of the stomach contents affects the absorption of fat which has been used for 
trying IS not known Heat does cause some transformation in the constitution of foodstuffs. 
Kai (1944) has studied the thermal effects on fat and has found that no change occurs in 
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tlie cteimcal constitution pf fat tliougli a change In the viscosity takes place. In order to 
determine the rate of absorption of fat after frying the following experiments were carried 
but : — 

^ "Two ounces of wheat flour were well mixed with water and a little ghee (taken from a 
weighed poftion of 1 oz.) and kneaded into a dough. The dough was then rolled out into 
6 or 7 thin circular slices which were fried in ghee (1 oz. less that- taken for preparing the 
dough). It took about 10 minutes for fr 3 dng these seven purees, one by one. Almost 
all the ghee was incorporated in these purees which constituted the standard meal. 

The results of these experiments are represented in Graph 10. The maximum count 
was reached by about 3 hours in three subjects and in one by the 4th hour. It appears, 
therefore, that heating the fat to 240°C. to 250°C. for 10 minutes 'has very slightly 
delay’-eci its rate of absorption. 



' GuArit 10. — Cli.vloinicrograph after ingestion of purees 

picp.nred from 2 oz. wheat flour fried in 
1 oz. ghee at 240°C. to 250'’C. 

Experiments ivith a smaller amount of fat in the test meal. 

So far experiments had been carried out with 1 oz. of fat but the ingestion of tins 
quantity was often inconvenient owing to resultant nausea and a possibility of vomiting. 
Therefore, 15 g. of butter and ghee along with chapattis from 1 oz\ of wheat flour were 
used for the following experiments. The results are given in Table II ; — 

Tablk II. 

Chylomicron counts after the ingestion of (a) 15 g. butter ami {h) 15 g. ghee 
with chapattis from 1 oz. wheal flour. 


N. G. N. V. N. P. P. K. D. K. S. I?. 

- Hours. , , , . . , ‘ — — 



(«) 

(h) 

{«) 

dd 

(«) 

{!>) 

(") 

(6) 

0 

40-4 

40-0 

24-4 

47-6 

27-8 

21-1 

5-6 

39-5 

1 

40-7 

41-5 ' 

22-0 

4.5-.~i 

2G-7 

19-0 

10-3 

71-7 

2 

3s-n 

132-2 

44-0 

43-.) 

7.J-0 

41-7 

59-2 

9S-3 

3 

131-0 

1.77-n 

63-6 

Gryii 

oS-4 

4.'3-4 

65-5 

76-7 

4 

60-7 

40-7 

61-0 

64-3 - 

37-3 

50-0 . 

,78-7 

52-5 

T> 

5C-,7 

75-5 


• •• ^ 

30-0 

... 

... 
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It can be observed from Table II that there was an increase in the particle count in 
about 2 to 3 hours in the case of butter as well as ghee. The increase was, however, not so 
marked as when 30 g. of butter were used except with the subject G. N. and hence the 
picture of the absorption process is not as clear cut as one would like it to be. The use 
of the smaller quantity of fat in the test meal was therefore not explored further. 


Discussiox. 

From Graphs 4 to 10 it will be clear that there exists a difference in the rates of absorp- 
tion of butter-fat and coconut oil on the one hand and ground-nut and sesame oils on the 
other. The former are absorbed rapidly, the maximum count being reached within' 2 to 
3 hours. Ground-nut oil is absorbed slowl)q the maximum count being reached after 4 
hours. Sesame oil has given two low maxima, it seems that it is also being absorbed slowly 
at about the same rate as the ground-nut oil as the maximum count appeared within 3 to 
5 hours. 

If the chemical composition of these substances be considered, it might be possible to 
explain the differences found in the comparative rates of absorption. It has been observed 
that the lower saturated fatty acids of milk-fats, although collectively not so prominent as 
either oleic or palmitic acid, are the constituents which qualitatively differentiate most milk- 
fats from all other fats (Hilditch, 1940). In milk-fat the acids from butyric to capric (C4 to 
Cio) account for about 8 to 9-5 per cent of the total fatty acids. 

■\\Tiereas ground-nut oil and sesame oil do not contain any of the lower saturated fatty 
acids, coconut 6il contains about 67 to 68 per cent of the acids from C4 to Ci» and is 
absorbed as rapidly as butter-fat which, however, contains only about 8 per cent of these 
acids. 

In India, butter-fat is mainly consumed in the form of ghee. In the preparation of 
ghee from butter the latter is heated over the open fire till the water in the butter is com- 
pletely driven off. It was natural enough to investigate 'the absorption of ghee in order 
to fin'd out whether the heating which usually lasts about 30 minutes affected the rate of 
absorption. As the chylomicrographs (Graphs 4 and 5) show, ghee was absorbed at the 
same rate as butter. 


The next step was to investigate the effect of frying on the rate of absorption of ghee. 
During the experiment described earlier ghee attained the temperature of 240°C. to 250°C. 
where it remained during the 10 minutes required for frying purees made out of the 
dough from 2 02. of wheat flour. Here again the results show that frying had only a slight 
influence on the rate of appearance of fat in the blood. It is possible, however, that when 
ghee is kept at such a high temperature for a longer period while frying larger quantities 
~ than that tried in this experiment, the absorption of ghee-fat may be further delayed. 


It has already been mentioned that the main difference between ground-nut and sesame 
oils on the one hand and coconut oil and butter-fat on the other is that the former do not 
contain fatty acids of low- molecular weight, but that thej’- contain 9 to 15 per cent of satu- 
rated Cifl and Cis and 85 to 88 per cent unsatiurated fatty acids of the same carbon length. 
It is this complete absence of fatty acids with small carbon chain that might possibly be 
responsible for the slower absorption of the ground-nut and sesame oils. It appears likely 
that the presence of short-chain fatty acids in the glyceride molecule influences the absorp- 
tion of long-chain fatty acids, otherwise it would be difficult to explain the observation on 
the rates of absorption of coconut oil and butter-fat. In the former, as has alreadv been 
pointed out, more than half of its total fatty acid content exists in the form of fatty acids 
mi to C)-i, whereas in butter-fat only about 8 per cent of fatty acids are up to Ciq, and yet 
both fats are absorbed at about the same rate. That the degree of unsaturation is not 
highly important can be seen by the fact that coconut oil having an iodine' value of 8 and 
butter-fat an iodine value of 35, were absorbed at the same rate. Then again, the cround- 
nut oil with an iodine value of 92 to 98 was absorbed at about the same rate as its partiallv 
hydrogenated product with an iodine value of 50. It' is not suggested, however that a 
completely hy^ogenated product, which must have a much higher melting point would be 
absorbed at the same rate as the original oil. Since the e.vperiment with\a fuilv hvdro- 
genated oil was not attempted the question may be considered open. 
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Summary. 

1. Tlie rates of absorption of butter, gliee, ground-nut oil, partially hydrogenated 
ground-nut oil, coconut oil and sesaine oil from the intestines of healthy human subjects 
were determined by Frazer’s ‘ ch 3 domicron ’ technique. 

2. Butter, ghee and coconut oil were found to be rapidly absorbed, whereas ground- 
nut oil and sesame oil were absorbed slowly. 

3. Partially hydrogenated ground-nut oil with an iodiiie value of 50 was absorbed at 
approximately the same rate as the refined ground-nut oil of iodine value 98, 

4. Ghee attained the temperature of 240°C. to 250°C. during frying of purees. 'When 
such purees containing 1 oz. of ghee w'ere eaten, the latter was absorbed at a rate only 
slightly slower than unheated ghee. 

5. It is suggested that the rate of absorption of fat from the intestines is determined 
among other things by the presence of fatty acids of low molecular weight constituting the 
fat. Quite a ’considerable alteration in the iodine value of fat by hydrogenation exerted 
little influence on its rate of absorption. 
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The carotenoid pigments of yellow maize have attracted considerable interest since the 
investigations of Steenbock (1919) who demonstrated that yellow maize was a good source 
of vitaniin A. Euler et al. (1928) stated that the activity of yellow corn was due to caro- 
tenes. Karrer et al. (1929) isolated zeaxanthin, the principal pigment of yellow maize, and 
showed it to be completely devoid of growth-promoting activity when fed to rats. Kuhn 
and Grundman (1934) later isolated from yellow corn cryptoxanthin and showed that most 
of the growth-promoting activity of yellow corn was due to this pigment. More recently 
Clark and Gring (1937) and Buxton (1939) have published data on the carotenoid contents 
of yellow corn. The latter author examined ' five commercial samples of yellow corn 
and found them to contain both carotene and crjrptoxanthin, the quantities of which 
varied considerably in the samples examined. Fraps and Kemmerer (1941) isolated 
j 9 -carotene, neo-cryptoxanthin (maxima in hexane 441 fi), and another pigment which 
he called K-oarotene (maxima in hexane 425 ^ and 397 /x) in addition to ^-carotene and 
cryptoxanthin from yellow maize. All the five pigments, namely )3-carotene, cryptoxanthin, 
neo-cryptoxanthin, K-carotene and a-carotene, showed different degrees of vitamin A 
activity. 

It would appear, therefore, from the literature that zeaxanthin, the principal pigment 
of yellow corn^ is inactive ; yellow corn contains several other carotenoid pigments, five of 
which may be physiologically active as a source of vitamin A. There are a number of 
varieties of yellow corn produced in this country. An investigation of their carotenoids 
would not only be of theoretical interest, but is of importance in the assessment of their 
vitamin A activity since yellow maize enters very widely into the dietaries of the people. In 
this paper a study of the nature of the carotenoid pigments present in fifteen local varieties 
of yellow corn is reported and their nutritional significance assessed. 


Experimental. 

The methods for the determination of carotene and other carotenoid pigments in plant 
materials are based on the discovery of Borodin (1883) that the carotenoid pigments could 
be separated into alcohol-soluble (hypophasic) and petrolenm-ether-soluble (epiphasic) frac- 
tions. Based upon this discovery YTUstatter and Stoll (1913) developed a method for the 
colorimetric estimation of these pigments which has almost universally been adopted by 
other investigators in this field. The method has, however, been modified and improved 
in recent years. The modified method also depends upon pigment distribution between 
alcohol (90 to 92 per cent CH 3 OH) and petroleum ether for the separation of carotene and 
xanthophyll (Schertz, 1928 ; Guilbert, 1934 ; Peterson et al., 1937). A number of the other 
workers have pointed out discrepancies in the method even when improvements suseested 
are taken into consideration. It has been found that the n'on-carotene chromo'>'ens which 
are inactive, may appear in the epiphasic layer (Yirtanen, 1933 ; Hartman eC al ’ 1934 • 
Peterson et al, 1935, 1937a ; Kane et al, 1936 ; Hayden et al, 1937 • Onackenbush' 
Steenbock and Peterson, 1938 ; IVhitnah et al, 1939). The inactive isomer, ^lycopene is 
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also estimated as carotene by tlie use of this technique. A certain amount of xanthoplwll 
itself may remain in the petroleum ether layer and the method based upon phase partition 
can estimate only the gross carotene content without taking into account the constituent 
pigments. 

A method based on fractional adsorption since called chromatographic separation ivas 
first devised by Tswett (1906). This method has been found very helpful in the separation 
of different carotenoid pigments. The method has been developed more recently by a 
number of investigators (Palmer and Eckles, 1914 ; Kuhn ct al, 1931 ; Kuhn and Brock- 
mann, 1932) and principally by Zechmeister and Cholnoky (1941) and is universally followed 
in all modern works on carotenoid pigments. The chromatographic separation can be used 
alone or combined with pha,se imrtition. A combination of these methods results in a 
successful separation of the different jiigments. In _this investigation both these techniques 
have been followed. 

The procedure for conijilete extraction of the carotenoid pigments followed in this 
investigation was that described in the handbook of Association of Official ' Agricultural 
Chemists (1940). It involved the refluxing of about 20 g. of finely ground yellow corn 
with 200 c.c. of freshly prepared 12 per cent methanolic potassium hydroxide. The 
alcoholic extract so obtained, as well as the residue, was extracted completely with 
petroleum ether. The petroleum-ether fraction after w'ashing laway of alkali 'represents 
the entire carotenoid pigments of the original sample. Zeaxanthin- could be separated 
from this fraction by repeated extractions with 90 to 92 per cent CH3OH. ■ The methanolic 
fraction is then distilled oft' under partial vacuum in an inert atmosphere and the dissolved 
l^igments taken up in petroleum ether. This results in two fractions which are separately 
chromatographed. 

The selection of a suitable adsorbant is of considerable importance in successful 
chromatographic separation. Calcium oxide, magnesium oxide and aluminium oxide which 
are commonly used in carotenoid separation w'^ere tried. In our investigations calcium oxide 
was 'found to be not a very satisfactory adsorbant. Magnesium oxide gave good results, 
but when this was used, the movement of the liquid through the cohmm was slow^ and there 
was a greater tendency for the pigments to get oxidized. Aluminium oxide gave the most 
satisfactory results. Several brands of aluminium oxide were tried with varying results. 
Aluminium oxide prepared in the laboratory from aluminium sulphate gave fairly good- 
results on activation. Another brand (Hirasawa Pharmaceutical Laboratory, Tolryo, Japan) 
was found very satisfactory when activated by heating at 200°C. in a current of CO2 for 
two hours. This brand was, therefore, used after activation in all experiments described 
in this investigation. 

In chromatographic analysis certain precautions are of importance. The tube contain- 
ing the adsorbant should be very evenly packed to alloAV a steady and even flow of the liquid 
through the column. The upper surface of the column should remain constantly covered 
with the liquid throughout the process. It is necessar}’- that the petroleum ether extract 
to be chromatographed should be free from alcohol as otherwise the pigments are not 
properly adsorbed. The adsorbant should have proper activity in relation to the nature 
and quantity of the pigments to be separated. Too strong or too w-eak an adsorbant 
leads to inaccurate results. An adsorbant which is highly actii’-ated may hold the 
pigments too tenaciouslj’- for being eluted fully, while one, which is less activated, is apt 
to have a poor power of selective adsorption necessary for the separation of closely 
related pigments. 

The solvent used for chromatographic separation in this study Avas jAetroIeuin ether 
(40°C. to 60°C.) distilled from ordinary petrol. Elution AA'-as effected l)y petroleum ether 
containing 1 per cent ethanol. 

After elution the amount of different pigments Avere determined colorimetrically match- 
ing the solutions against 0'04 per cent Kj&sO? solution in a Bio-Klett colorimeter. The 
amount of the pigments AA-as determined by'^ reference to a standard curve made by compar- 
ing different concentrations of pure )S-carotene AA’ith 0-04 per cent KgCraOT solution. The 
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same curve vras used for the estimation of all the different carotenoid pigments exammed. 
An atmosphere of CO:; was used, wlierevcr possible, to prevent oxidation and the pigments 
were always protected from exposure to light. 

Kecovery of the pigments from 'the chromatogram was not found to be quantitative due 
largely to incomplete elution from the adsorbant. Experiments were conducted to determine 
the loss which ■ occurs in this process. The data of these experiments are summarized in 
Table I 


TxnLE I. 


Number. 

Colour of the sample. 

1 

Total pigments Total pigments 
found before • found by 

chromatographic chromatographic 
adsorption adsorption 

(pg. per g.). (iig. per g.). 

Loss 
per cent. 

1. 

Very light yellow 

1-OS 

1-90 

4-0 

2. ' 

Medium yellow 

9-S4 

. S-93 

9-2 

3. 

Dark yellow ... 

43-80 

87-90 

13-4 

4. 

D.ark red '“... 

44-S'7 

41-12 

S-3 ' 

5. 

Medium yellow 

12-11 

10-90 

9-5 

G. 

Deep yellow ... 

-23-83 

20-43 

14-2 

7. 

Medium yellow 

19-43 

18-03 

7-2 

8. 

Deep yellow ... 

31-2 

28-12 

9-8 



*■ 




Table I shows that loss of the pigment during chromatographic separation may vary 
between 4 and 15 per cent. Loss of the pigment during chromatography appeared to be 
related to the amount of zeaxanthin present. This pigment sjiowed greater degree of 
incomplete elution than the hydrocarbon pigments present. 


Fifteen varieties of maize grown in different parts of Punjab were investigated. 

With the exception of white and very light-yellow varieties, all the rest of the samples 
showed the presence of 7 to 8 distinct bands in the chromatogram depending upon whether 
zeaxanttiin had been separated earlier by the phase separation {see Chromatographs 
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1. It was a dirty looking light-yellow narrow band from which only traces of pigments 
could be eluted out. Probably it represents impurities in the solution. 


Colour of the Band and the Nature o.' 
PlEtnent. 


Dirty looking light-yellow band proh- ^ I { 
ably inipurit3'. 


Wide orange-j'ellow region cryptoxan- 2 
thin. 



Two distinct reddish-orange bands ... 3, 
Neo-cryptoxanthin ... ... 41 


Light-yellow region x-carotene .;. 


muiTmiJiiir ri 


Reddish-orange region |?-carotene ... 6' 


Orange-ooloured band a-carotene ... J • 




Colour of the Bant) ond the Nature of 
Pigment. 


Dirty looking light-yellow band proh- 1 
ably impurity. 




Yellow band zea.vanthin 


Id 


Wide orange-yellow region cryptoxan- 2 
thin. 


Two distinct reddish-orange bands ... 3 
Neo-eryptoxanthin ... '' ... 4 


Light- j'ellow region x-caroteno ... 5 



Reddish-orange region jS-caroteno ... 5 


Orange-coloured band a-carotone ... f 


mzim/iiZii 






Chromatogeaph 1. — After phase separation. Chromatograph 2. — ^Y^ithont phase seiwration. 


1ft. It was a yellow band. The pigment was extracted and identified as zeaxanthin 
by its absorption spectra. 

2. This was a wide orange-yellow region. The pigment was extracted and identified 
as cryptoxanthin by its absorption spectra. 

3 and 4. These were two distinct reddish-orange bands in very close proximity. 
Zechmeister and Tuzson (1938) noticed a band close to cryptoxanthin in their chromato- 
grams, and described it as an isomerization product of cryptoxanthin and named it neo- 
cryptoxanthin. Fraps and Kemmerer (Zoc. cit.') noticed three bands, one orange-coloured 
band identical with neo-cryptoxanthin and very close to it two reddish-orange bands which 
could not be separated from the other and estimated as neo-cryptoxanthin. We have not 
been able to isolate these pigments. They most probably represent isomers of cryptoxanthin 
and have, therefore, been estimated as neo-cryptoxanthin. 
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5. This Avas a light-yellow region. It is a new pigment named (.-carotene (Fraps and 
Kenimerer, loc. cit.). It”is biologically active. 

6. It was a reddish-orange region. The pigment was isolated and identified as 
jS-carotene from its absorption spectra. 

7. It was an orange-coloured band and identified as a-carotene by its absorption spectra 
and optical actmty. 

For the study of the physical properties of these pigments, namely, absorption spectra 
and optical activity, the pigments were pmrified by rechromatographing them twice. The 
absorption spectra of the purified pigments was studied in two solvents, petroleum ether 
(B.P. 40°C. to 60°C.) and etliyl alcohol, using a Nutting's photometer with Adam-Hilger 
spectrometer and a pointolite lamp of lOO C.P. as the source of light. 

Typical absorption curves for the three pigments are shown in Graphs 1, 2 and 3. They 
show absorption bands in the following regions : — 


Cryptoxanthin ... ... 484 fi. 451 ju. 

Zeaxanthin ... ... 483 n. 451 ju. 

^-carotene .. ... 482 /i. 452 /a. 



Wave-length in /x. 

Geaph 1. —Zeaxanthin in ethyl alcohol. 


Results of analyses are shown in Tables II and III. Table II shows the ouantitv of 
difierent pigments present per gramme of the sample of corn, while Table Hl^Sov^the 
percentages of different pigments present. ® 
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Extinction coefficient. Extinction coefficient 



Wave-length in 

Graph 2. — Cryptoxanthin in petroleum ether (B.P. 40°C. to 60°C;^. 



Wave-length in fj,. 

Graph 3. — )S-carotene in petroleum ether (B.P. 40°C. to G0°C.). 
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Table II. 

Different caroteiioid pigments of yelloiv corn. 



J, MR 
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* CotUiiined only traces of tlio yellow carotenoid pigments. 

Neo-oryptoxantliin and K-carotono formed two sopavato bands bnt conJd nob bo separated and hence they were estimated togctlier. 
J /icaxnntliin was not determined. Total represents all the other pigments excepting zcaxanthin. 


Table III, 

Percentage of different carotenoid pigments of yellow 
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Since the value of zeaxanthin wis not available, the percentages could not be calculated. 


Discussion. 

In Tables II and Til the results of analyses of two white, one very light-yellow, one deep- 
red and 11 medium to deep-yellow varieties of yellow corn are recorded. The white varieties 
contained onlv traces of the" pigments which were too small to be separated by chromato- 
graphic analysis. The very light-yellow variety also showed less than 2 gg./g. of total 
pigments and its chromato^am showed only two bands corresponding to cryptoxanthin and 
jB-carotene. Only one red variety of corn was available which on analysis showed crypto-^ 
xanthin and |S-carotene contents of about the same order as other yellow varieties. In the' 
other yellow varieties which formed the bulk of the samples analysed and which constitute 
the greater part of the tj^pe of yellow maize produced in the province, the total pigments 
content varied between 18-76 /ig.'/g. to 40-78 /ug./g. of which as much as 10 mg./g. to 29-4 
^g./g. was zeaxanthin representing 54-37 to 75-74 per cent of the total pigments. The crypto- 
xanthin content varied from 3-61 ng.jg. to 7-5 gg./g. representing 15 to 29 per cent of 
the total pigments. The amount of /8-carotene was only 1-35 /ug./g. to 3-72 yug./g. represent- 
ing 6 to 11 per cent of the total carotenoid. The a-carotene was only about 0-5 /xg./g. or 
les^s and did not represent more than 0-5 to 3-0 per cent of the total pigments. The quantities 
of neo'cryptoxanthin and «.-carotene were also of the order of 1 to 3 per cent. 

The vitamin A potency of the various varieties has been calculated on the basis of 1 I.U. 
— Q-6y/^-catQteue and l-2y of the other pigments excepting zeaxanthin. The potency of 
the very dark-yellow and red varieties varied between 10 I.U./g. to 12-6 I.U./g. while the 
medium-yellow variety showed activity equivalent to 6-5 I.U./g. to 9-0 I.U./g. 

Somewhat low values for carotene content are recorded in the literature (Myburgh, 
1935 ; Fraps, Treichler and Kemmerer, 1936 ; Clark and Gring, he. cit.). Eecords of studies 
in India showed only 0-42 I.U./g. to 2-8 I.U./g. (De, 1936 ; i^mad, Mullick and Mazumdar, 
1937 ; Health Bulletin No. 23, 1941). Only a few varieties reported by Shinn et al. (1936) 
and Eussell et al. (1935) showed as much potency as 11 I.U./g. to 15 I.U./g. The vitamin A 
content of Punjab maize therefore is among the most potent varieties reported. 


Summary. 

The composition of 15 different varieties of yellow corn grown in different parts of the 
Punjab with respect to their different carotenoid pigments has been determined by the 
method of chromatographic separation and colorimetric estimation. Six different pigments 
were detected in the samples examined which were identified as zeaxanthin, cryptoxanthin, 
)S-carotene, a-’carotene, ^-carotene, and an isomer of cryptoxanthin called neo-crypto- 
xanthin. 

Varieties of maize varying in colour from moderate-yellow to dark-yellow and deep-red 
showed the values ranging from 18-76 ng.jg. to 40-78 /ug./g. for the total pigments. 

From the amount of different pigments present the vitamin A potency of yellow corn 
has been assessed at 6-5 I.U./g. to 9-0 I.U./g. for medium-yellow varieties, and 10 I.U./g. 
to 12-5 I.U./g. for the dark-yellow to the deep-red varieties. 


The authors desire to express their gratitude to the Indian Eeseatch Fund Association 
for providing a grant for the expenses of this investigation. 
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Very few investigations have been carried out on the lipochrome pigments of the mango 
which is one of the commonest fruits in India and is exceedingly rich in these pigments. 
The studies so far recorded include a few observations on its total content of hydrocarbon 
pigments (Ahmad et al., 1937 ; De, 1936, 1937) and an observation on the increase 
of carotenoid pigments during ripening (Ramasarma and Banerjee. 1940). The first attempt 
to isolate the carotenoid pigments of the mango was made by three Japanese worhers 
(Yamamoto et al., 1932) who obtained a crystalline preparation which on the basis of its 
optical activity and absorption spectra was described as a mixture of a- and ^-carotenes. 
i\Iore recently, Ramasarma, Hakim and Rao (1943) investigated the carotenoid pigments 
of the Badami mango showing them, to consist of xanthophyll esters with a trace of free 
xanthophyll and /S-carotene. 

In view of the abundance in which the mango fruit occurs in India, and in view of the 
fact that it enters into the dietaries of all sections of the population during its season, while 
at the same time it is a rich source of carotene, its importance for a people whose diets are 
generally deficient in ^’itamin A cannot be minimized. The carotenoid pigments of different 
varieties of this fruit have therefore been investigated in detail and their exact potency as 
a source of ^ itamin A has been assessed. Ten different varieties of mangoes available in 
Delhi market during the summer months of June, Julj' and August were studied. 


Experimental. 

The procedure followed for the extraction of the total carotenoid pigments was that of 
Association of Official Agricultural Chemists (1940). Specially activated alumina, described 
in an earlier paper (Sadana and Ahmad, 1946), was used as the adsorbant. A concentrated 
solution of the pigments in petroleum ether was used for chromatographic analysis and the 
bands were developed by petroleum ether containing 10 per cent benzene. The various 
pigments were eluted by petroleum ether containing 2 per cent ethyl alcohol, and were 
estimated colorimetrically by means of a standard cur\'e of jS-carotene against 0’04 per cent 
KoCroOr. The results are expressed as ftg./g. present in terms of jS-carotene. 

The following varieties of mangoes which were available in the Delhi market during the 
summer months were investigated : — 

1. Madras mango. 

2. Benares Langra. 

3. Lucknow Dasheri. 

4. Delhi Desi variet}' — 

(«) Large size. 

(6) Small size. 

5. Calcutta Fazli mango. 

6. Calcutta Langra. 

7. Ratol (a) Desi variety. 

S. Ratol (6) Superior varietv. 

9. Tammoria or Saffron. 
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10. Cliounsa or Samar Baliisht — i 

(а) Unripe. 

(б) Partially ripe. 

(c) Fully ripe. ■ 

Chromatograms of all these varieties, except Madras mango, showed five distinct bands 
{see Chromatograph) which arc characterized as follows : — 

(1) This was a yellow band. It represents xanthophyll as shown by phase separa- 

tion. 

(2) This was a narrow light-yellow band. The pigment has not been identified. 

(3) This was again a narrow yellowish-orange band and the pigment has not been 

identified. Both pigments 2 and 3 appear to be of a hydrocarbon nature 
since they are present in the same intensity even after xanthophyll has been 
removed by repeated extraction with methyl alcohol. It is probably identical 
with carotenoid x of Kemmerer and Fraps (1943). 

(4) This was a broad reddish-orange band. This represents j5-carotene, as identified 

by its absorption spectra. 

(5) This was a brownish-yellow band. It is presumably an isomerized product of 

)3-carotene, called by Zechmeister and Tuzson (1938), and Gillani, el Eidi and 
Rons (1937) as pseudo-a-carotene. It is biologically as potent as jS-carotene 
and its absorption spectra is similar to that of a-carotene (Gillam, el Eidi 
and Rons, loo. cit . ; Gillam and el Eidi, 1936 ; Mann, 1944). Remmerer and 
Fraps (Zoc. cit.) claim that its activity is only half that of jS-carotene. 


A yellow band xanthoph 3 'll 
A narrow light-yellow band 


A narrow yellowish-orange band 


A broad reddish-orange band /3-carotene 


A narrow brownish-yellow band pseudo-a-carotcne 


Cheomatogba-PH. — ^Typical chromatogram of the pigments of the mango fruit, 
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There is invariably some loss in the pigments during the process of chromatographic 
analysis in spite of the fact that all precautions were taken to protect the pigments from light, 
oxidation and any undue standing of the solutions was avoided. This loss has been estimated 
in each case and is recorded in Table I. In Table II the analytical data are summarized. 
In all cases, two independent analyses were made of each sample and when the results were 
not concordant, a third analysis v/as made. In this table the average figures are shown. 

Table I. 


Percentage loss of the pigments daring chromatographic analysis. 


I. 

2. 

3. 

4. 

5. ; 

Number. 

Variety. 

Total pigments 
found before 
chromatographic 
adsorption 
(.“g- per g.). 

Total of individ- 
ual pigments 
obtained after 
chromatographic 
separation 
(/tg. per g.). 

Loss, 
per cent. 

1 

Madras 

1C-S3 

13-79 

18-0 

2 

Benares Langra 

62-29 

59-65 

4-2 

3 

Lucknow Dasheri ... 

53-08 

50-13 

5-5 

4 

Dcllii Desi — Large size 

23-73 

22-41 

5-6 


„ Small size 

14-46 

13-11 

9-3 

o 

Calcutta Fazli 

47-92 

42-58 

11-1 

G 

Calcutta Langra ... 

30-34 

28-72 

5-3 

7 

Katol, Desi variety 

34-3S 

31-35 

S-7 

s 

Ratol, Superior variety 

66-13 

62-34 

5-7 

9 

Tammoria or Saffron 

64-30 

61-79 

4-0 

10 

Cliounsa — Unripe ... 

4-37 

3-00 

17-6 


„ Fully ripe 

26-06 

24-05 

10-7 


The figures shown in column 4 were obtained by adding the values obtained for each 
indi^•idual constituent after chromatographic analysis. The colorimetric estimations were 
made only against a standard curve of jS-carotene. It cannot be affirmed with certainty 
that figures for percentage loss represent a true loss. They are, however, suggestive and 
indicate tiie order of losses involved in the use of the technique. The loss varies generally 
from 4-0 per cent to IS'O per cent. 
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Different carotenoid pigments of the mango fruit and their vitamin A aclivitg. 
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P-carotono + Band lit. ^ Xanthophyll 4 - Band II. 



CONCLUStO:NS. 

The result of chroiuatographlc separation of the carotenoid pigments of difterent 
varieties of mango fruits, summarized in Table IT, shows the presence of distinctly five different 
pigments, the principal ones being xanthophyll and ^-carotene. The quantities of ^-carotene 
and xanthophvll present generally vary between 40 to 60 per cent. The other three pigments 
are present in relatively small proportions, one of these is presumably pseudo-a-carotene, 
an isomer of jS-carotene and occurs ver}' close to ^-carotene in the chromatogram. This 
has been found to vary from O'O to 5'5 per cent. The other two pigments whose identity 
has not been established but are likely to be of a hydrocarbon nature occur only in relatively 
small proportions. Their fractional adsorbability 5nd the position of the bands in the 
chromatogram does not indicate that any of these is a-carotene, the presence of which in 
the mango was indicated by the Japanese investigators Yamamoto et al. [loc. mt.). The 
total quantity of both these pigments is exceedingly small and does not go beyond 1 to 
3 per cent. 

There appears to be a considerable variation in the carotenoid content of the different 
varieties, the range being 30 /^g./g. to 62 jttg./g. Benares Langra, Lucknow Dasheri, superior 
quality Ratol and Saffron are among the rich varieties, while Madras and ordinary local Desi 
varieties show the lowest amount. /3-carotene content in the same proportions shows 
variability, the richer varieties showing 18 /ig./g- to 40 ®nd the poorer ones from 

P-g-lg- to 8 ^g./g. 

The vitamin A potency shows a variation range from 8 to 69 LIT. per g. In the richer 
varieties, the figures lie between 32 to 67 I.U. per g. Earlier investigations have shown 
values as high as 26 to 90 I.U. per g. (De, 1937) and 46 to 128 I.U. per g. (Ahmad etal., 
loc. cit.) in the different varieties examined by them. These results are obviously high because 
they are based on the total content of the carotenoid pigments obtained in the epiphasic 
layer. Our estimates are based only on quantity of ^-carotene and its isomer, irseudo-a- 
carotenc. 

Summary. 

The carotenoid content of ten different varieties of mangoes available in Delhi market 
has been determined by the method of chromatographic separation and colorimetric 
estimation. Five different pigments have been detected in almost all the varieties examined. 
Three pigments have been identified, nameh'- xanthophyll, ^-carotene and pseudo-a-carotene. 
The two other pigments have not been identified. These two pigments also appear to be 
of hydrocarbon nature. 

The various varieties examined showed a total carotenoid content ranging from 30 /x". 
to 60 fig. per g. of which the active pigments contri])ute 5 pg. to 40 pg. per g. of the total 
pigments. 

The vitanrin A potency has been assessed at 8 to 16 I.U. per g. for poor varieties and 
32 to 67 I.U. per g. for rich varieties. 
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Introduction. 

Vitamin A occurs in appreciable quantities in tbe milk-fat, which constitutes one of the 
most important sources of this factor in common human dietaries. Ghee or clarified butter 
of both cows and buffaloes, preferred on account of its better keeping qualities, is consumed 
considerably in India and hence its vitamin A content is of considerable interest. 

Some investigations have been undertaken in India on the vitamin A content of milk 
and butter (De, 1937 ; Ray, Karamchand and Govind Rao, 1911 ; Sen and Rai Sarkar, 
1942). These are, however, largely confined to the products obtained from the cow. Buffalo 
milk and butter which are equally popular have so far received little attention. The 
authors have undertaken a systematic study of the vitamin A feontent of buffalo milk-fat. 

Earlier reports in the literature indicate a somewhat lower vitamin A content in ghee 
as compared to butter-fat obtained in other countries (De, loc. cit.). These obsen’-ations 
raise the important question whether the butter-fat as excreted in the milk by Indian cows 
is itself poorer in vitamin A, or whether there is destruction of vitamin A later in the process 
of the preparation of ghee from the milk. The process common in India is essentially different 
from those used in other countries. Therefore, a careful study of the effect of the method 
of preparation of ghee from nfilk on vitamin A content has also been made. 

In India ghee is sometimes stored for long intervals before it is consumed. It was, 
therefore, desirable to investigate .whether the vitamin A content is lost to any appreciable 
extent during the period of storage. At the same time the effect of the common method of 
cooking upon the ifitamin A content of ghee has been determined. It may be mentioned 
here that buffalo ghee is practically devoid of carotene, therefore, the study has been confined 
to the estimation of vitamin A alone. 


Experimental. 

The spectrographic method was used for the assay of vitamin A. Morton (1940) who 
has undertaken extensive investigations on the spectrographic assay of vitamin A has" 
remarked ; — 

“ Provided that the absorptioa spectrum of a natural product shows normal vitamin A band with good persis- 
teuco )t affords a better estimate of potency than almost any biological assay which is normally possible.” 

At first the method tried consisted of direct spectrographic determination of Utamin A 
in the whole butter-fat and using as control the de-vitaminized fat from which the vitamin 
had been removed with the help of suitable adsorbants. Shrewsberrv and EAaybiU fl9.S31 
and Krayliill and Shrewsberry (1936) have shown that both activated' charcoal and Llovd s 
reagent remove practically all vitamin A and carotene material from butter-fat AYe foufid 
that these adsorhants also removed some of the non-vitamin constituents from the fat 
The controls gave low adsorption values with the result that higher values for Utamin i 
for the samples were obtained. This method was, therefore, discarded. Neal Haurand and 

Luckma.. ( 1941 ) W staW tkat tkeae objeottas can be removed by SkincTlh The 
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Unsapoiiifiable fraction of tlic butter-fat. In view of this the proljlem resolved itsell into 
three phases ; (i) development of a satisfactory technique for the extraction of the unsaponi- 
fiable material containing all the vitamin A present in the original sample, {ii) selection of 
a satisfactory solvent for the unsaponifiable portions, and {Hi) obtaining a control material 
containing all the constituents of the unsaponifiable material of the particular sample 
excepting vitamin A. Neal et al. {loc. cii.) found that vitamin A and carotene could be 
successfully destroyed by ultra-violet irradiation of a cyclohexane solution of the unsaponi- 
fiable fraction of the sample of butter-fat. This solution serves as a very satisfactory control 
for the spectrophotometric measurements of vitamin A. We, therefore, based our method 
of estimation on the technique developed by Neal et al. {loc. cit.). The extraction of non- 
saponifiable fractions was, however, carried out according to the method used by Jones and 
Haines (194:3). The procedure is very briefly described below ; — 

Sajionification and extraction of the non-saponifiable fraction. — About 5 g. of ghee were 
weighed into a 250 ml. ground-glass joint flask, fitted with an air condenser. r25 ml. of 
56 per cent solution of KOH and 10 ml. alcohol (at least 25 per cent) were added for every 
1 g. of fat weighed. The mixture was boiled on a sand-bath for 20 minutes. After cool- 
ing to 30°C. or 40°C., 180 ml. of water (approximately 4 times the quantity of alcohol used) 
was added to the mixture. The mixture was ice-cooled and extracted 4 times with 70 ml., 
40 ml., 30 ml., and 30 ml. portions of peroxide-free di-ethyl ether. The extracts were mixed 
and washed successively wdth 160 ml. ice-cold wrater, 125 ml. to 150 ml. ice-cold N. NaOH 
solution, and twice with ice-cold water to wash the extract free of alkali. The ether was 
distilled off in an atmosphere of carbon dioxide and the residue was dried by once evapor- 
ation Avith alcohol. The dried residue'\vas made to 25 ml. with absolute ethyl alcohol and 
examined spectrographically. 

Preparation of the control solution. — Ten ml. of the above solution were taken in a 4-inch 
wide porcelain dish and placed at a distance of 10 cm. from the radiating tube of the mercury 
ultra-violet lamp and exposed to the radiations for 50 minutes. Alcohol was added occasion- 
ally to keep the solution in a liquid state. It was, however, allowed to dry up a few 
minutes before the end of the exposm'e. The dried residue after the exposure was made to 
10 ml. with absolute alcohol and used as control. The solution Avas also shaken from time 
to time during the exposure. As during the dissolving of the residue the absolute alcohol 
comes in contact with atmospheric moisture, involving a source of error, it was compensated 
by exposing the non-irradiatecl portion of the solution of the unsaponifiable fraction to 
atmosphere and shaking, in a similar porcelain dish, for an equal interval of time 
(1 minute). 

Spectrograms of both the solution containing vitamin A and the control were obtained 
simultaneously and the match point was observed v.dth naked eye witli the help of an 
illuminated disc. 

Calculations 


where 1° 

I 
c 
d 

Conversion factors : — 

® 1 c^i ^ 1)600 = International Units vitamin A. 

^ 1 cm ^ 2,140 = U.S.i*. Units Autamin A. 

Apparatus used : — 

Hilger quartz medium spectrograph E. 4 302 Avdth the spectrum range from 
7,000 A° was used. The souree of light was a hydrogen discharge tube built in the laboratory 
and for destroying A'itamin A in the control solution a Hanovia mercury vapour lamp opera 
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(Zscheile and Henry, 1942) :~ 

E } log^ X , 

1 cm. ^ 1 cd. ^ 

= the intensity of radiant energy transmitted through solvent filled 

cell, 

= intensity of the radiant energy transmitted by solution filled cell, 

= concentration in g. per 100 ml. 

= thickness of the solution layer in centimetres. 



at 220 volts D.C. equivalent to 450 watts was usetl. The photographic plates used were 
Ilford process plates. These plates are slow and require an exposure of about 1 minute. 


(^) ViUmin A content pj bnffah ghee. 

The majority of the samples examined in this investigation were prepared in the 
laboratory from the pure milk of various animals. Some samples were also obtained from 
houses and the local market. Of the market samples only those samples were assayed which 
appeared to be genuine ghee as shown by the common tests. For example they gave fairly 
high Eeichert-JIeissl and Eeichert-Wolney values, and the refractive index was comparable 
to that of genuine buffalo ghee. 

Method of prejio ration of ghee. — ^In India butter is isolated from the curd. The milk 
obtained from the animal in the morning is heated for two to three hours on a slow smoking 
fire and is allowed to boil once or twice for a short time. The milk obtained in the evening 
is just boiled and mixed with the morning milk in an earthenware vessel. A small quantity 
of diluted curd is churned with water and the butter is skimmed off from the top of the 
diluted curd. To clarif)'- the butter into ghee, it is heated on a slow fire ^vithout stirring 
for about half an hour. Scum which gathers at the top is skimmed off. The clear fat so 
obtained is ghee. 

The results of 48 samples assayed are shown in Table I : — 

Table I. 


Vitamin A content of different samples of buffalo ghee. 


Description of the sample. 

« 

Number. 

e;% 

1 cm. 

U.S.P. 
Units per g. 

I.U. per g. 

f 

I 

o-oiso 

3S-5 

30-40 


O 

O'OIoO 

32-0 

24-00 


3 

0-0I45 

31-0 

23-20 


4 

0-0130 

2S-0 

20-80 


5 

0-0101 

22-0 

IC-IG 

'' 

G 

0-0101 

22-0 

IG-IG 


7 

O-OIOo 

22-5 

IG-S 


8 

0-0091 

19-0 

14-50 

I. Genuint i’amptes of ghee prepared in 

the laboratory from pure mill; 4 

9 

0-0143 

31-0 

22-SS 

obtaimd Jrom different animals. I 

10 

0-0143 

31-0 

22-8S 

' 

11 

0-012S 

2S-0 

20-48 


12 

0-012.-; - 

27-0 

20-00 

\ 

\ 

13 

0-0151 

32-0 

24- IG 

1 

14 

0-0152 

32-0 

24-32 

1 


0*0155 

33-0 

24-80 

i 

IG 

O-OIGO 

34-0 

25-GO 

1 

j 

1 

17 

o-oiss 

40-0 

30-08 

V. 

IS 

0-0204 

44-0 

32-C4 
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Table I — condld. 



Description of the sample. 


Number, E J 

1 cm. 

U.S.P, 
Units per g. 

I.U. per j 



r 

19 

0-0172 

37-0 

27-52 




20 

0-018S 

40-0 

30-08 




21 

0-0202 

43-0 

32-32 




22 

0-0204 

44-0 

32-64 




2.1 

0-0220 

47-0 

35-20 




24 

0-0233 

50-0 

37-28 




2.5 

0-0165 

35-0 

26-40 




26 

0-0134 

29-0 

21-44 

I. 

Genuine samples of ghee prepared, in 


27 

0-0148 

32-0 

23-68 


the lahoratorij from pure milk 
obtained from different animals. 
— conoid. 

1 

t 

28 

0-0161 

34-0 

25- 76 

26- 56 


1 

29 

0-0166 

35-0 



1 

30 

0-0155 

33-0 

24-80 




31 

0-0166 

35-0 

26-56 




32 

0-0153 

32-8 

24-48 




33 

0-0157 

34-0 

25-12 




34 

0-0160 

34-0 

25-60 


1 


35 

0-0155 

33-0 

24-80 


1 

1 


36 

0-0143 

31-0 

22-88 


» 

37 

0-0146 

35-0 

23-36 




38 

0-0236 

50-0 

37-76 

IT. 

Genuine samples of ghee obtained 


39 

0-0250 

53-0 

40-00 


from homes of people keeping • 
buffaloes. 


40 

0-0220 

47-6 

35-20 




41 

0-0215 

46-0 

34-40 

III. 

Market samples of ghee — 







(i) From Lahore market ... f 

42 

0-0141 

30-0 

22-56 


(fj) From Garh Sbanker market \ 


43 

0-0126 

27-0 

20-16 


(Hi) From Sinlkot market 


44 

0-0104 

23-0 

16-64 


(iv) From Pindi Bhatian market 


45 

0-0133 

28-0 

21-28 


(a) From Tandlianwala market 1 


46 

0-0121 

26-0 _ 

19-36 


(tir) From Gujranwala market ... j 


47 

0-0131 

28-0 

20-96 


(vU) From Gujranwala market ... 1.. 

48 

0-0154 

33-0 

24-64 





Avehaoe ... 

34-01 

25-40 
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The vitamin A content of tlie samples preparerl in the laboratory varied generally from 
15 to 37 I.U. per g., the majority showing between 20 to 30 I.U. The samples of genuine 
buffalo ghee obtained from homes were found to have higher vitamin A content 34 to 40 I.U. 
per g. This may be due to the fact that animals in the homes are better looked after, and 
are well fed. The market samples were consistently lower in vitamin A content 16 to 24 
I.U. per g. In the case of 4 samples very low values 14 to 16 I.U. were obtained. These 
were from animals which were towards the end of their lactation period and were weak and 
under-nourished. 

The average value of the vitamin A content of buffalo ghee is found to be about 25'4 
I.U. per g. In Table II the distribution of the samples according to their vitamin A content 
is shown ; — 

Table II. 


Distribution of samples into different levels of vitamin A content. 




Samples 
prepared 
in the 
laboratory. 

Samples from 
homes. 

Samples from 
market. 

Total number of samples 

... 

37 

4 

7 

Number of samples of low vitamin 
(below 24 I.U. per g.). 

content 

14 

0 

6 

Number of samples of average vitamin 
(24 to 30 I.U. per g.). 

content 

1.5 

0 

1 

Number of samples of high vitamin 
(above 30 I.U. per g.). 

content 

8 

4 

0 


(B) The effect of the method of preparation of ghee on vitamin A content. 

A sample of butter was divided into several i)ortions and each portion was clarified by 
heating for varying lengths of time and at varying temperatures. The clear fat obtained 
at the end of the experiment was decanted off and its vitamin A content determined spectro- 
graphically. The results are shown in Tables III and IV : — 

Table III. 


Effect of method of jmeparation on the vitamin A content of ghee. 


Sample of 
butter. 

Vitamin A content of ghee I.U. per g. prepared 
from butter by heating at 

L^O^C. to 200'’C. 
for 3 min. 

150°C. to 200^. 
for 10 min. 

GOT. 

for 25 min. 

OO'C. 

for 25 min. 

1 

22-8S 

22-SS 

20-00 

20-48 

o 

24-32 

24-32 

25-60 

24-80 

3 

30-08 

32-64 

so-os 

27-52 

4 

32-32 

32-04 

37-76 

35-00 

5 

25-60 

26-40 

26-40 

24-80 

C 

... 

26-40 

24-32 

21-44 

7 

24-SO 

25-60 

24-80 

25-60 

S 

22-88 

26-40 

... 

... 
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Table IV. 


Ejfcct of method of preparation on the 
vitamin A content of ghee. 


Sample of 
bn tier. 

Time of 
heating, 
hours. 

Temperature, 

“C. 

Vitamin A 
content, 
I.U. per g. 

. / 

0 

fiO 

22-SS 

i 

o 

«0 

20-4S 

, / 

2 

00 

IG-SO 

" 1 

2 

90 

16-80 

^ { 

2 

GO 

16-80 

2 

90 

1C-5G 

. 1 

0 

90 

30-50 

1 

4 

GO 

20-00 

^ { 

2 

90 

24-32 

1 

4 

GO 

10-G4 


Table III does not indicate any significant difference in tbe vitamin A content of ghee 
prepared by exposure to temperature of 60°C.. 90°C. or 150°C. to 200°C. for short periods 
of 10 to 25 minutes. The small differences observed are within experimental error. This 
shows that even relatively high temperatures do not cause any appreciable loss of vitamin A 
in ghee during the process of clarification. This is further brought out by the results 
summarized in Table IV. It will be seen that there is no significant difference in the vitamin 
A content of ghee samples prepared at 60°C. or 90°C. when the time of exposure is the same. 
A longer exposure of four hours, however, causes an appreciable loss even at a lower 
temperature. Samples of ghee prepared at 90°C. in two hours have about 30 per cent more 
vitamin A than those prepared at 60°C. in four hours from the same samples of butter. 
The loss of vitamin A is evidently due to slow atmospheric oxidation. 


(C) The effect of storage on vitamin A in ghee. 

Generally ghee is consumed within a month or two of its preparation. In the houses 
it is stored in tins and metallic or earthenware vessels and generally little attention is paid 
to the conditions of storage. From time to time, however, the ghee is examined for any smel 
arising from rancidity. If it develops rancidity it is re-melted and clarified again. lim 
rancidity is evidently caused by moisture or any curds having been left behind in the ghee 
during clarification. 

In this investigation in order to study the effect of storage the ghee was transferred to 
loosely stoppered glass-bottles which were stored in a cupboard in a room in the laboratory. 
Vitamin A content was estimated from time to time. The investigation _ covers about six 
months including the entire summer of a year when the temperature is high, and theretor 
maximum deterioration could have taken place. The results are shown in Table V. 

( 80 ) 



TaBL15 V. 


The effect of storage on the vitamin A content of ghee. 


Sample of 
ghee. 

Initia! 
vitamin A 
content, 
I.U. per g. 

Vitamin A 
content after 
the period of 
storage, 
I.U. per g. 

Duration of 
storage, 
days. 

Percentage 

loss. 

1 

10-64 

10-64 

3 

0 

2 

13-40 

13-40 

3 

0 

3 

22-S6 

24-32 

10 

0 

4 

30-40 

30-60 

15 

0 

S 

20-00 

19-40 

26 

3-7 

6 

32-64 

30-60 

119 

11-4 

7 

31-80 

30-08 

119 

7-0 

8 

30-08 

30-06 

122 

2-5 

9 

32-64 

26-96 

122 

18-2 

10 

35-20 

26-40 

122 

25-2 

U 

37-76 

30-60 

122 

22-0 

12 

22-88 

16-64 

130 

25-8 

13 

24-32 

16-64 

172 

28-1 

14 

30-40 

20-00 

175 

29-8 


Table V shows that there is no significant loss of %fitatmn A in ghee on storage for 
about a month. At the end of four months loss of vitamin A in different samples varied 
from 2'5 to 22’5 per cent. After five to six months the loss was neatly 25 to 30 per cent. 
Unfortunately, no observations could be made at the end of second and third months on 
account of vacation at the University. 

Evidently incomplete clarification, the presence of moisture and the development of 
ranciditj- pla}'- a part in the deterioration of vitamin A content. If the ghee is clarified 
completely, has no traces of moisture and is stored in a manner so as not to expose it too 
much to the atmosphere, the destruction of vitamin A is much less. Those samples which 
developed traces of rancidity were found to have deteriorated comparatively to a greater 
degree. 


J, MR 
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These experiments indicate that under ordinary conditions of the storage of ghee in the 
homes there may be practically no loss in its vitamin A content at the end of one month. 
After two to three months the loss may be of the order of 5 to 10 per cent. After three to 
four months about 10 to 20 per cent and after live to six months as much as 30 per cent. 


{D) The effect of coohing on the vitamin A content of ghee.- 

This problem has been studied by some authors. De and Majumdar (1938) using a 
spectrophotometric method assayed both vitamin A and provitamin A after cooking in water 
at a neutral pH, in an acidic medium by the addition of tamarind and in an alkaline medium 
by the addition of sodium bicarbonate. These conditions’ are somewhat different to the 
actual cooking conditions to which the fat is subjected before it is consumed in an average 
home. 


In this investigation some common dishes were actually prepared with a slight excess 
of ghee. Ghee was then separated from the cooked food and assayed for its vitamin content. 
The following points are worth noting in this connection ; — 

(t) Foodstuffs which contain high amounts of fat, e.g. meat, could not be used 
without separating their original fat. 

(ii) Turmeric and red chillies which impart a very strong colour to the ghee, making 
spectrographic assay of vitamin A impossible, had to be avoided in the cooking 
of the food. 

(Hi) Even the natural pigments of the vegetables sometimes, coloured the ghee 
intensively, particularly after their concentration in the unsaponifiable fraction. 
These solutions had a very strong general absorption in the ultra-violet 
region and the spectrographic assay could not be made. The antimony 
trichloride reaction was attempted in such cases with somewhat better 
success. : 


The results are shown in Table VI, 

Many Indian methods of cooking involve frying in ghee. Frying is done either at the 
beginning or towards the end of cooking. The results summarized in Table VI show that 
frying causes a very considerable loss in vitamin A content. In the frying of puree 63 to 69‘0 
per cent vitamin A is lost. In the making of vegetable or dhal curries which also involve 
frying almost the whole of vitamin A is lost (experiments 4, 5 and 7). When frying is not 
done as in experiment 6, the loss is only about 20 per cent. It may be pointed out here that 
where almost total loss of vitamin A occurred, the time of cooking wms also longer, 22 to io 
minutes, in addition to the inclusion of frying in the process of cooking. 

In experiments 4, 5, 6 and 7 the fat was too highly coloured and spectrographic assaj 
could not be undertaken. Only the antimony trichloride test was resorted to and it 
found to be negative in the. case of experiments 4, 5 and 7, while in the case of expense® 
6 it showed a value which was about 80 per cent of the original. 

In the making of paranthas which are made by the mixing of ghee to the dough ai'‘| 
baking of the dough on a hot-plate like chapattis, the loss of vitamin A 'was only 8‘7 p 



of semolina in ghee the loss was much less than frying being only 32 to 39 per cent. Ii* 
the preparation of pulao the loss of vitamin A is also found to be 22 to 24 per cent. 

These experiments also led to the conclusion that Indian sweets, practically all of vhich 
involve frydng for long periods, wmuld be completely devoid of vitamin A. 


Discussion. 

As pointed out earlier, low values for the vdtamin A content of butter and ghee of 

. T /1-. — -j \ T4.. ...v.;! T\rfn'nTnrIn.r (lOC. cu-t 


cows 
obtained 


AS pomuBu uiii) earuer, luw values lur me vuiamin A content oi nuouci n 

3 have been reported in the literature. De (Zoc. cit.) and De and hlajumdar (loo- 
iued values as low as 14’ 1 I.U. per g. for butter-fat and 10'4 I.H, per g. for ghee. 
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The effect of cooking upon the vitamin A content of ghee. 



and Kai Sarkar {loc. cit.) conld raise the vitainiii A content of butter-fat only to 24 III. 
per g. after feeding their animals on carotene-ricli fodders. Similar results have been reported 
by Kay et al. {loc. cit.). All these results referred to products obtained from the cow. The 
average values reported in the literature for the vitamin A content of butter-fat in Western 
countries is 50-6±l-8 l.U. per g. (Sherman, 1937). Figures for cow’s butter given by 
Boas Fixen and Eoscoe (1937-38) who summarized work of many workers range from 10 to 
38 l.U. per g. Our average value for the vitamin A content of buffalo ghee is found to be 
25-4 l.U. per g. 

The causes of these low values may be ascribed to several factors such as the breed of 
the animals, their state of nutrition and feeding, and the process of preparation of ghee. 
The process of preparation of ghee from milk involves heating at two stages. Milk from the 
morning milking is heated on a slow smoking fire for perhaps three to four hours. The second 
heating is at the time of the conversion of butter into ghee. Many earlier workers in this 
field had considered appreciable loss of vitamin A to be possible at this stage. This investi- 
gation has shown that during clarification of butter as ordinarily done in homes no appreciable 
loss of vitamin A is likely to occur. The effect of the first heating has not been studied in 
this investigation. It is likely that some loss nia)’- occur at that stage since it involves exposure 
of hot milk to the atmosphere for a long period of time. The low values obtained by earlier 
workers for buffalo ghee may be due to this loss. The samples studied by us were obtained 
from animals which were well fed, and this may be another reason for our obtaining higher 
values. 

It has already been mentioned that somewhat low values of 14 to 16 l.U. per g. were 
obtained in the case of under-nourished animals towards the end of their lactation period. 
Lower values for the market samples may be due to unsatisfactory conditions of storage in 
tins, frequent remelting and also possible adulteration. 


Summary. 

1. Forty-eight samples of buffalo ghee have been studied for their vitamin A content 
by the spectrographic method. Out of these, 41 samples were of genuine ghee prepared in 
the laboratory or in the homes from buffalo milk, while 7 samples were from the market 
and presumably pure. Twenty samples were found to contain below 24 l.U. of Utamin A 
per g. ; 16 samples showed values between 24 and 30 l.U. and 12 samples above 30 l.U. per g- 
The average of all the samples taken together was found to be 25’4 l.U. per g. 

2. Tests in the laboratory indicated that the process of clarification of butter into ghee 
ordinarily used in Indian homes is not likely to cause any loss of vitamin A. Prolongeo 
heating at a relatively low temperature causes greater destruction of vitamin A than hea - 
ing to high temperatures for short intervals. 

3. Storing of samples of ghee under ordinary conditions at room teniperatures in 
summer in Lahore did not result in any significant loss of vitamin A activity during tne 
course of a month. At the end of four months loss varying from 2'5 to 22’5 per cen 
was noticed in the different samples and after five to six months the loss was between 
and 30 per cent. 

4. The effect of different Indian methods of cooking upon the vitamin A content of 
ghee was also investigated. In the frying of purees 63 to 69’5 per cent of vitamin A vjs o • 
In the making of vegetables and dhal curries, which involve the frying of vegetables 

in ghee for 22 to 45 minutes, there appeared to be a total loss of vitamin A, while in 
cooking in the presence of water the loss was only about 20 to 24 per cent. In parantnas 
loss was only 8' 7 per cent and in hahva as much as 32 to 39 per cent. 


The authors desire to express their gratitude to Dr. W. E. Aykroyd fop 
study and to Dr. A. H. Butt, Director of Public Health, Punjab, for providing all tne 
required for this investigation. 
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In a previous paper (Kamala Bhagvat and Bao, 1942) it was shown that dry un- 
sprouted Bengal gram contained, in addition to vitamin C, an alkali-stable growth factor for 
guinea -pigs. The guinea-pigs with scurvy recovered when fed dry Bengal ^am. The capillary 
resistance of these animals was measured according to the method described by Bacharach, 
Coates and Middleton (1942) and was found to increase more rapidly in animals receiving 
Bengal gram than in others receiving pure vitamin C alone. This suggested that Bengal gram 
might contain a factor identical with vitamin P or hesperidin. Armentano, Bentsath, Beres, 
Busznyak and Szent-Gyorgyi (1936), Zacho (1939), Scarborough (1939) and Rusznyak and 
Benko (1941) have reported that hesperidin increases capillary resistance in guinea-pigs 
and in men. There is, however, little information about the effect of hesperidin on the 
gro^vth of guinea-pigs. In the present investigation the effect of hesperidin on the 
^owth of guinea-pigs receiving a diet containing sufficiency of vitamin C has been 
investigated. An attempt has been made to isolate the factor in Bengal gram which 
influences capillary resistance, and the growth-promoting effect of this factor and that of 
hesperidin have been compared. 


Expeeimental. 

Isolation of the factor in Bengal gram . — The method used was that employed by Szent- 
Gyorgyi (1938) for the isolation of citrin from lemons. It was carried out as follows : Dry 
unsprouted Bengal gram was finely powdered and the powder was extracted twice for 24 
hours xsdth 3 volumes of 96 per cent alcohol. The suspension was filtered and the filtrate 
was treated with barium and lead acetates in order to remove interfering substances. The 
precipitate was removed by filtration and rejected. The filtrate was then made alkaline 
by the addition of ammonium hydroxide. The precipitate thus formed was removed on th ■ 
centrifuge and dissolved in 10 per cent acetic acid. This solution contained the active factor. 
It was purified by re-precipitation with ammonium hydroxide and was then suspended in 
96 per cent alcohol to which dilute sulphuric acid was added. A precipitate of lead sulphate 
was formed which was removed on the centrifuge. The’ factor went into solution. One 
ml. of this solution, containing 12 mg. of total solids, was used directly for the feeding experi- 
ments, no attempts being made at further purification. 

The pure re-crystallized hesperidin used in these experiments was obtained through the 
kindness of Dr. A. L. Bacharach from the Glaxo Laboratories, Ltd., Greenford, England. 

Experiments were carried out on young guinea-pigs, weighing from 200 g. to 260 g. 
The animals were^ kept on a stock diet rich in vitamin C for a week, after which they were 
put on the experimental diet. The composition of the latter was as follows 


IT 

1 -- 

Crushed oats 

Parts. 

31 

Shark-liver oil 

Att-a ... 

31 

NaCl 

Skimmed milk powder 

30 

Yeast 

Gingelly oil 

5 



Total 


100 



Tlie diet was moistened witli water and given in tlie form of balls. Tbe various experi- 
mental groups were as follows : — 

Table 


Groups. 


Number of 
animals. 


I. Negative controls — (animals receiving the basal diet alone) ... ... ... 6 

IL Positive controls — (receiving the basal diet + 5 mg. ascorbic acid per animal per day) ... 16 

III, Animals receiving the Bengal gram factor — (1 c.c, daily per animal) ... ... ... 6 

IV. Same as III -j- 5 mg. of ascorbic acid per animal per day ... ... ... ... 18 

V. Animals receiving 5 mg. hesperidin per animal per day ... ... ... ... 6 

VI. Same as V 5 mg. of ascorbic acid per animal per daj' ... ... ... ... 18 


Three different sets of experiments were carried out in which animals were fed on the 
various diets described above. The number of animals shown represents the total munber 
included in the 3 series of experiments. Average weekly increase in weight in groups II, 
IV and is shown in the Graph. The animals in groups I, III and V, which received no 
vitamin C, died within 20 to 28 days, and post-mortem examination revealed typical signs 
of scurvy. Their weight curves are not shown in the Graph : — 

Graph. 

Effect of hesperidin and Bengal gram factor on the groivth of gninea-pigs. 



Time in weeks. 

The guinea-pigs receiving hesperidin and vitamin C showed more rapid 
weight than those receiving vitamin C alone, suggesting that hesperidin is a necessary 
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for tlie growth of this species. Those given the Bengal gram factor also showed increases 
in weight of a similar order to that of the group receiving hesperidin. The method followed 
in the purification of this factor and its oheniical nature suggest that it is identical vnth 
hesperidin. Attempts are now being made to develop a biological method, based on the 
growth of guinea-pigs, for the assay of hesperidin in foods. 

SUMJrABY. 

1. Hesperidin or vitamin P appears to be essential for the proper growth of guinea- 

pigs- 

2, A factor isolated from Bengal gram (Cicer arietinum) was found to have a similar 
growth-promoting efiect and may be identical with hesperidin. 
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STUDIES ON THE DESTRUCTION OE YITAIVIIN A IN 
SHARK-LIVER OIL. 

Part VI. 

SO]\IE FACTORS AFFECTING THE STABILITY. 

BY 

S. DATTATREYA RAO. 

(An Inquiry under the Indian Research Fund Association.) 

(From the Department of Biochemistry, Indian Institute of Science, Bangalore.) 

[Received for publication. May 30, 1945,] 

The influence of moistuie, free fatty acids and dilution witF ground-nut oil on tire 
development of rancidity and destruction of vitamin A in sliark-liver oil has been 
studied. It has been established beyond doubt that heat, light and metals accelerata 
oxidative changes in fats and oils. Data regarding the role of moisture are, however, 
conflicting. Greenbank and Holm (1924) observed that water (about 4 per cent) in 
butter-fat and lard materially increased the induction period. Greenbank (1936) subse- 
quently found that at a low concentration (O' 15 pet cent) water acted as a pro-oxidant. He 
observed further that the same substance may, be either an anti-oxidant or a pro-oxidant 
depending upon its state of dissociation. Moisture which causes dissociation of the anti- 
oxidants may thus act indirectly. Holmes, Corbett and Hartzler (1936) reported that the 
time taken for the complete destruction of vitaimn A in halibut-liver oil containing hydro- 
quinone and lecithin at various levels was consistently increased in the presence of water 
(about 7 per cent). Newton (1932) on the contrary found that moisture destroyed the 
activity of anti-oxidants. 

Literature on the influence of fatty acids on the development of rancidity in fats and 
oils is meagre and inconclusive. Rogers et al. (1909, 1912) observed that acidity had a 
decidedly adverse effect on the keeping quality of butter. Greenbank and Holm (loc. cit.) 
also reported that fatty acids catalysed the oxidation of butter, and that acids of higher 
molecular weight were more active than those of lower molecular weight. More recently, 
Lea (1938) failed to note any such catalytic effect, but these experiments were carried out 
in the presence of water and this might explain the discrepancy. 

Dilution of shark-liver oil with ground-nut oil with a view to producing oils of uniform 
potency is being adopted by some producers in India. It was of interest, therefore, to study 
the influence of ground-nut oil on the stability of shark-liver oil. Recently, Holmes and 
Pigott (1942) observed that vitamin A was more stable in cod-liver oil than in cotton-seed, 
ground-nut or corn oils and srrggested that cod-liver oil may contain some natural anti- 
oxidants, or that its vitamin A may be in a more stable form than that of the vitamin A 
concentrate incorporated in the vegetable oils. 

EXPEBUtEKTAU. 

Shark-liver oil was dried by filtering through a column of anhydrous sodium sulphate 
(1-3 cna. diameter and 5 cm. height for 30 c.c. of oil). During the filtration, the oil was 
maintained at 18°C. for effective dehydration. The moisture and volatile matter, estimated 
by the loss in weight of 5 c.c. of oil maintained at 75°C. and 25 mm. pressure for one hour 
were usually less than O'l per cent. A portion of the dried oil was shaken up with a few 
drops of water and the water separated by centrifuging. Thus, a ‘ moist ’ oil contaim'ng 
about 0-2 to 0-25 per cent of moisture was obtained. . To another portion of the dried off 
water (1 or 2 per cent of the oil by volume) was added. Ten c.c. of each of these— drr- moist 
and with water— were taken in specimen tubes (2-2 cm. diameter and 7-5 cm. hei<»ht) to which 
trap-tubes containing anhydrous calcium chloride were attached to prevent the absorption 
of w.ater by the oil from the atmosphere. They were maintained in an incubator at 40T 
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and after a definite interval the oils were analysed for peroxide number, acid value and 
vitamin A content (Dattatreya Bao, 1944, 1945, 1945a). The experiment was repeated with 
six other samples of oil and the results are given in Table I. With samples S, B and,L, only 
6 c.c. of oil were used, the other experimental conditions being the same, so as to produce 
appreciable oxidative changes in lesser time. 

Table T. 


Injluence of moisture on the oxidative changes in sharh-liver oil. 


Sample of oil. 

Moisture, 
per cent. 

Period 
of storage, 
days. 

Pero.xidc 

number. 

Acid value. 

Vitamin A, 
I.U. per g. 

F dry 

O-OOG 

0 

0 

5-415 

4,360 

F dry 

0-090 

15 

19-3 

5-81 

4,100 

F moist 

0-224 

15 

18-5 

5-84 

4,050 

F + water ... 

... Over 2 

15 

17-5 

5-85 

4,150 

XII dry ... 

0-071 

0 

0-5 

0-0 

11,700 

XII dry ... 

0-071 

17 

20-1 

1-51 

10,370 

XII moist ... 

0-243 

17 

20-5 

... 

10,470 

XII + water 

... Over 1 

17 

19-5 

0-83 

10,470 

XI drj' 

••• ««• 

0 

1-0 

2-76 

6,890 

XI dry 

... 

27 

20-3 

4-28 

... 

XI moist 


27 

19-8 

... 

... 

XI + water 

... Over 1 

27 

20-3 

3-34 

... 

XY dry 

••• 

0 

0-5 

0-15 

690 

XV dry 

... 

24 

17-5 

6-07 

410 

XV moist ... 

... 

24 

17-1 

... 

390 

XV + water 

... Over 2 

24 

16-8 

5-27 

400 

S dry 

0-083 

0 

0-3 

0-19 

28,620 

S dry 

0-083 

10 

12-0 

0-96 

23,680 

S moist 

0-215 

10 

10-8 

0-77 • 

22,400 

S + water ... 

... Over 2 

10 

11-5 

0-94 

22,700 

B dry 

0-102 

0 

1-5 

0-45 

4,700 

B dry 

0-102 

12 

28-0 

1-73 

4,030 

B moist 

0-247 

12 

25-8 

1-54 

4,140 

B + water ... 

... Over 2 

12 

27-3 

1-48 

4,190 
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Table I — concld. 


Sample of oil. 

Moisture, 
per cent. 

Period 
of storage, 
days. 

Peroxide 

number. 

Acid value. 

Vitamin A, 
I.U. per g. 

L dry 


0 

0*5 

0-34 

610 

L dry 


10 

24-3 

3-25 

335 

L moist 

.. , ... 

10 

24-5 

2-86 

335 

li + water ... 

Over 1 

10 

23-3 

2-77 

350 


It will be observed that tbe acid value of samples F and XI is rather high. They were 
included in the experiments since they typify the condition of some oils that are being 
produced in India at the present time. As pointed out in a previous part, the high acidity 
results from enz}’^me action during the delay in the extraction of the oil after collecting the 
livers. 

The increase in peroxide number and the amount of mtamin A destroyed in three 
samples of each batch after storage were practically the same indicating that water had little 
effect, if any, on the rate of oxidation. 

The fatty 3.cids from shark-liver oil were prepared by the following method : I'S g. to 2 g. 
were saponified by boiling for 15 minutes under reflux with 20 c.c. of 10 per cent alcoholic 
potash. The solution was diluted ndth 40 c.c. of water and extracted four times with freshly 
distilled ether to remove the unsaponifiable matter. The fifth extract, after washing with 
water and drying with anhydrous sodium sulphate, left no residue on evaporation. The 
alcoholic solution was then acidified with dilute sulphuric acid and the liberated fatty acids 
were extracted with ether. The ether solution was washed and dried, and evaporated in 
a cmrent of nitrogen. The residue was dissolved in about 30 g. of the same sample of shark- 
liver oil. The acid value of the oil was determined by titration in hot alcohol against O' IN 
alkali using phenolphthalein as the indicator. Accelerated oxidation tests were carried out 
at 40°C. as described before (Dattatreya Rao, 1945, 1945a) with these samples of oil — original 
and acidified— and the induction period determined from the curves for the development of 
peroxides. The inflexions in the curves generally occurred near peroxide number 25 and 
hence the time required to reach this peroxnde number has been taken as the induction period. 
The experiment was carried out with two other samples of oil also and the results are 
presented in Tables II and III ; — 

Table II. 


Injluencti of fatty acids on peroxide developme^it and 
vitamin A destruction. 


Period of 
storage, 
hours. 

Peroxide number. 

Percentage of vitamin A 
destroyed. 





■» 


OilU 

Oil U -r acids 

Oil U 

Oil U -f acids 

0 

0 

0 



72 

14-0 

15-3 

o 

6 

144 

22-0 

24-5 

1.V3 

16-7 

216 

3S-S 

47-3 

30-6 

3R-S 

204 

73-.-i 

S3-S 

50-2 

.’>5*0 


( 93 ) 



Table II — concld. 


Period of 
storage, 
hours. 

Peroxide number. 

Percentage of vitamin A 
destroyed. 

Oil IV 

Oil IV -f- acids 

Oil IV 

Oil IV -j- acids 

0 

0 

0 

• • • 


72 

19-5 

20-8 

... 

... 

120 

25-5 

28‘5 

17-4 

24-0 

168 

38-6 

45-5 

32-0 

38-0 

240 

65-S 

85*3 

47 

57-0 

316 

96*3 

IIS'O 

... 

... 



Oil D 

Oil D 4- acids 

OilD 

Oil D -f acids 

0 

0 

0 



72 

13-5 

15-0 

12-0 

24-0 

144 

27-0 

31*8 

20-5 

24-0 

192 

55'3 

72'6 

37-0 

43-6 

240 

106-0 

124-0 

60-0 

59-0 


Table III. 


Tnjlueme of f ally acids on the stabilily of 
sharJc-liver oil. 


Sample of oil. 

Acid value. 

Induction 
period, hours. 

U 

1-32 

162 

U 4- acids ... 

8-41 

148 

IV 

0-13 

118 

IV 4- acids ... 

10-5 

108 

D 

0-62 

' 140 

D 4- acids ... 

9-16 

128 


It may be observed that the induction period of the samples containing the added a 
acids was consistently shorter than that of the original oil, showing that fatty acids ac 
mild catalysts in the oxidation of vitamin A and the glycerides in shark-liver oil. ^ 

Three samples of neutralized and bleached ground-nut oil were mixed with three 
of fresh shark-liver oil in different combinations. The rates of formation of peroxides 
original and mixed samples of oils when exposed in thin layers -at - 40°C. to atinosp 
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oxidation were determined as usual. The periods of induction, i.e. the time taken to reach 
a peroxide number of 25, were measured from tie time-peroxide number curves. The results 

are summarized in Table IV : — 


T’atjt.t? tv. 


Effect of ground-nut oil on the development of rancidity in 
shark-liver oil. 


Oil. 


Vitamin A, 
I.U. per g. 

Induction 
period, hours. 

Ground-nut oil (G.O.) I 


0 

528 

n 

... 

0 

430 

in 


0 

116 

Shark-liver oil (S.L.O.) A 


12,000 

134 ' 

.. E 


21,800 

124 

„ 1. E 

... 

5,000 

132 

G.O. I (3 parts) + S.L.O. A (1 part) 



328 

„ „ -i- S.L.O. E (1 part) 

... 

... 

290 

„ „ 4- S.L.O. E (1 part) 

... 

... 

304 

G.O. II (3 parts) -f- S.L.O. A (1 part) 


... 

296 

„ „ + S.L.O. E (1 part) 

... 


274 

„ „ -f S.L.O. F (1 part) 



^ 288 

G.O. ni (2 parts) -f S.L.O. A (I part) 

... 

... 

126 


Ground-nut oils T and II were freshly refined, but ground-nut oil III was stored after 
refining nndei factory conditions for some months during which it must have gone rancid 
as shown by the low induction period. The latter actually increased the rate of oxidation 
of shark-liver oil while the former stabilized it considerably. 


Discussiox. 

Water had practically no effect on oxidative deterioration in shark-liver oil (Table I). 
Mild anti-oxidants of the acid and amine type (Lea, 1936 ; Olcott a,nd Mattill, 1936) which 
have pronounced action in vegetable oils lose their efllciency as the unsaturation of the fats 
increase and have little effect on fish oils (Brocklesby, 1911). Similarly, the slight anti- 
oxidative action of water observed with lard and butter may not be appreciable in the highly 
unsaturated shark-liver oil. 

The results in Table I raise another interesting point ; Greenbank and Holm {loc. cit.) 
found that, in the presence of moisture, compounds which are responsible for the tallowy 
odour (aldehydes and ketones) in rancidity show a tendency to decrease. They postulated 
that in the presence of moisture the oxidation proceeded to the acid stage, but in its absence 
the products formed wete_ aldehydes and ketones. The experiments with shark-liver oil, 
howevM, indicate that the increase in free fatty acidity is greater in the dry than in the moist 
condition during the development- of rancidity. 

^ Free fatty acids in shark-liver oil hasten the development of ranciditv and the destruc- 
tiou of vitamin A (Tables II and III). The results are in confirmation of the observations 
of Greenbank and Holm (loc. ci(.) with butter-fat and lard. It was shown before (Dattatreya 
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Rao and Bauerjee, 1944) that storage of livers after removal from the sharks increased the 
acid value of the resulting oil. Obviously, therefore, oil prepared from preserved livers may 
be expected to be less stable than oil from fresh livers. 

Bulk samples of shark-liver oil generally’- have an average potency of 5,000 T.U, to 6,000 
I.U. per gramme, and to bring down this value to the level indicated by Eanganathan (Ml) 
nearly three to four times its weight of ground-nut oil has to be used for dilution. Added in 
these proportions, freshly’ refined ground-nut oil retarded the deterioration of shark-liver 
oil (Table TV). This eft'ect is to be expected since ground-nut oil has a much greater induc- 
tion period and is less susceptible to oxidative rancidity’ than shark-liver oil. Vegetable 
oils, in general, are more stable than fish-liver oils because they are less unsaturated and also 
contain larger amounts of natural anti-oxidants (Brocklesby’, loff. cit.). . 

In spite of the beneficial efiect on the stability, the author considers the ‘ adulteration ’ 
undesirable. The price per unit of vitamin A increases' as the cost of the unwanted ground- 
nut oil also has to be met. Further, this practice gives scope -for unscrupulous exploitation. 
In this laboratory we have often examined samples of commercial shark-liver oil- containing 
hardly 100 I.U. of vitamin A. No doubt, vitamin A potency of shark-liver oil varies consider- 
ably ; but it should be possible, with little difficulty, to blend different samples judiciously 
to get a fairly uniform product for the market. 

Summary. 

The influence of moisture, free fatty’ acids and ground-nut oil on the development of 
rancidity and destruction of vitamin A in shark-liver oil have been studied using an accelerated 
oxidation method. Water was practically inert and the increase in free fatty, acids 
during oxidative rancidity was greater in the presence of moisture than in the dry oil. Free 
fatty acids acted as mild cataly’sts in the oxidation of the glycerides and the vitamin. The 
induction period of shark-liver oil, as determined by the formation of peroxides, was increased 
when the oil was mixed with freshly refined ground-nut oil. 

The author has great pleasure in thanldng Mr. B. N. Banerjee and Professor V. Subrah- 
manyan for their helpful suggestions and keen interest throughout these investigations. 
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{From the Nutrition Research Laboratories, 1. R. F. A., Coonoor, S. India.) 

[Received for. publication, October 1, 1945.] 


The correlation beWeen the incidence in children of dental caries, mottled enamel 
and the fluorine content of drinking water has been studied by a number of workers (Dean, 
1938, 1940 ; Dean, Jay, Arnold, Jr., McClure and Elvove, 1939 ; Dean, Jay, Arnold, 
Jr., and Elvove, 1941 ; Dean, Arnold, Jr., and Elvove, 1942 ; McClure, 1941 ; Ockerse, 1941 ; 
Sognnffis and Armstrong, 1941 ; Wilson, 1941 ; McClendon, Foster and Supplee, 1942 ; 
Murray and Wilson, 1942). The same problem has been studied in adults by Deatherage 
(1943)* In India it has been investigated by Shortt, Barnard and Nayar (1939) and by Day 
(1940). .All these workers support the view'that there is an inverse correlation between the 
incidence of dental caries and the fluorine concentration of drinking water. Since dental 
caries is widely prevalent in certain parts of the w'orld, the reported lower incidence resulting 
from a high intake of fluorine associated with mottled enamel has attracted much interest, 
and suggestions have been made that dental caries could be controlled by means of the regular 
ingestion of this element. In India the incidence of dental caries is much lower than in 
Northern Europe and America and fluorosis is endemic in certain areas. It was felt to be of 
considerable interest and importance to study the relation between dental caries and fluorosis 
in India. In the present investigation the following problems have been studied : — 



{a) The relation, if any, between the degree and severity of mottling and the concen- 
tration of fluoride in drinking water. 

(6) The incidence of dental caries in groups (both children and adults) with and 
without mottled enamel. 


(c) The incidence of dental caries in the presence of various degrees of severity of 
mottling. 


Method of recording dental caries atrd mottled enamel. 

This was the same as that followed in earlier surveys (Shourie, 19'41, 1942). A detailed 
dental inspection, in which all the available tooth surfaces in the mouth were examined using 
a dental mirror and probe, was made in the case of each individual. The total number of 
the teeth and the number of deciduous and permanent teeth (when present) were recorded. 
All extracted teeth were recorded as carious, except when known to have been lost as the 
result of trauma or extracted for some other reason. In recording the extent of caries the 
classification of Day and Sedwick (1934) was employed, which is as follows ; — 

1. Initial caries including softened or discoloured pits and fissures giving lodgment 
to fine explorers. 

2. Freely accessible approximate cavities and small open cavities involving less than 

one-quarter of the tooth. ° 

3. Jlore extensive caries involving more than one-fourth and less than two-thirds of the 
crown. 


4. Caries invohdng from two-thirds to complete destruction of the crown. 

The average caries figure — 

■ Number of teeth examined • 

The total caries figure is calculated by multiplying the number of teeth under each of the 
heads mentioned above by the corresponding number, i.e. 1. 2. 3 or 4. as the case may be. 

severity of mottled enamel was recorded according to the classification 
of Dean, Dixon and Cohen (193o) : ]. Normal. 2. Questionable. 3. Very mild. 4 Mild 

5. Moderate. G. Moderately severe. 7. Severe. ' -liou. 
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Groups studied. 

' Group 1. — Children were examined in rural areas within a radius of 50 miles from Lahore 
City (Punjab). Fluorosis is endemic in this part of the Punjab. The number of children 
examined was 1,223, attending schools in 15 villages. Age ranged from 6 to 16. Thertiode 
of life, customs and dietary habits of all the children were similar. Only children who had 
lived in the area since birth or a few months after birth were included in the investigation. 
Schools in rural areas do not close for. vacations for more than 3 to 4 iveeks at a time so that 
the children of school-going age rarely leave their villages. 

Samples of water habitually drunk by children were collected — 129 samples in all— and 
the fluoride content estimated according to Sanchis’ (1934) method. In rural areas there 
is no communal water-supply and water for drinking or domestic use is obtained from shallow 
wells or shallow tube-wells worked by hand. ' 

Group 2. — In the Kurnool district of the Madras Presidency, where fluorosis is prevalent, 
the incidence of dental caries in 831 children shownng mottled enamel was determined. This 
was compared with the incidence of dental caries in 4,044 children in other parts of Madras 
and in Central India showing no mottled enamel. 

Group 3. — A. group of 1,074 healthy members of the Punjab Police Force were exanuned 
for mottling and dental decay and the incidence of caries in those with or without mottling 
was compared. 

Results. 

1. Fluorine and inottling. — (a) Table I shows the incidence of mottled enamel in 296 
children of group 1 divided into 19 sub-groups. The members of each sub-group were drink- 
ing water of known fluorine content. Sub-groups in w^hich the number of children drinking 
water from the same source was less than nine are not included in Table I : — 

Table I. 

Coticeni ration of fluorine in drinking ivaier and the corresponding degree of 

mottled enamel in children. 


Degree of mottling. 


Percentage sho^vino 

MOTTLING. 


a> 

-O 

a 




Sample 

number. 


Fluorine 
in water 
(p.p.m.). 


Total 
number of 
children 
examined. 


ci 

a 


u 

O 




6 

3 

c 

o 


o 

& 


2 

a 




u 


> 



1 

1 

3-0 

35 

... 

5 

14 

9 

5 

2 

« * • 

100 

2 

5 

0-7 

19 

• » . 

2 

10 

6 

1 

■ . • 

» • • 

100 

3 

16 

4-8 

23 

1 

2 

2 

12 

1 

5 


96 

4 

22 

0-6 

17 

6 

5 

3 

1 

1 - 

1 


65 

5 

31 

1-8 

20 

3 

• •• 

9 

3 

4 

1 


85 

6 

34 

1-25 

10 

3 

2 

4 

1 




70 

7 

. 35 

1-2 

11 

3 

5 

2 

1 


• • • 


73 

8 

43 

1-0 

11 

4 

3 

2 

1 

1 



04 

9 

45 

1-6 

18 

3 

3 

4 

4 

4 



83 

10 

47 

1-0 

9 

1 

3 

3 


2 


• « » 

89 

11 

52 

1-5 

9 

1 

2 

5 

1 

... 



89 

12 

60 

3-0 

17 

3 

1 

6 

3 

4 



82 

13 

73 

2-8 

14 

3 

3 

3 

3 

2 



79 

14 

77 

2-1 

10 

• • • 

3 

6 


1 



100 

15 

94 

0-4 

9 

4 

1 

2 

1 

1 



56 

16 

99 

0-4 

18 

15 

1 

2 





17 

17 

10 

1-0 

13 

5 

6 

2 

... 



... 

62 

18 

121 

1-2 

20 

2 

4 

10 

4 




90 

19 

125 

1-4 

13 

5 

3 

2 

2 

1 

... 

... 

62 


m 


V .S 

. 

o 

P C y 
0 y' 

o 


86 

89 

87 

35 
85 
50 
27 

36 
67 

56 
67 
76 

57 
70 
44 
11 
15 
70 
38 
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The coefficient of correlation between fluorine concentration and the percentage 
of children showing mottled enamel was calculated and found to be + 0-552 (nearly 1 per 
cent level of significance). Children showing ‘ questionable mottling ’ were excluded from 
the calculation. When the latter were included the correlation coefficient became + 0-608 
(less than 1 per cent level of significance). Both these values are statistically significant 
and indicate a positive- correlation between the incidence of mottled enamel and the fluorine 
content of drinldng water. 

(6) The question whether the severity of mottling increased with increasing concen- 
tration of fluorine was investigated. The figures in Table I, relating to the fluorine 
content of water, were divided into 2 groups, yiz. 0-0 to 1-99 and 2-0 and above (p.p.m. respect- 
ivelv). and the severity of mottling associated vdtb these concentrations was estimated. 
This pooling of data was considered advisable because of the small numbers in certain 
sub-groups which figure in Table I. The results are given in Table JI 

Table II. 


Concentration of fluorine and severity of mottling in children. 




Degbee or mottlesg. 



Fluorine concentration 
in water 
(p.p.m.). 







Normal. 

Questionable. 

Very- 

mild. 

Mild. 

Sloderately 
severe or 

severe. 

Total. 

From O'O to 1-9 

55 

40 

60 

25 

17 

197 

Above 2-0 

7 

14 

31 

27 

20 

99 

TOTAt 

63 

54 

91 

52 

i 

37 

296 


•Statistical analysis indicated that the severer degrees of mottled enamel were associated 
with the higher concentration of fluorine. The value of + with only 4 degrees of freedom 
was 30-09 which is highly significant. 


, mottled enamel in ckildren.~[a) The incidence of caries in group 1 (all 
cnildren) is given in Table III which shows the number and percentage of deciduous and 
permanent teeth carious. In the total of 30,789 teeth examined, caries was present in 6-1 
per cent. Day {Joe. cit.) carried out the dental examination of 203 children in Kasur, a 
small town situated some 35 miles from Lahore in the area in which fluorosis is endemic 
an ound that of the 5.237 teeth S-67 per cent were carious. The population of Kasur 
may e regarded as semi-rmal as compared with the purely rural groups studied in 
investigation. The percentage of rural children found entirely free from 
nomi t j observed by Day (?oc. cit.) ‘in Kasur. Bull 

A 1,647 children in an endemic fluorosis area in 

L-ivo iioon +1 decay. The degree of fluorosis in these groups mav not 

f-n fvopsc: rif fl IS, however, probable that among populations equally exposed 

of dental cari factors, e.g. the nature of the diet, will influence the incidence 
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Table III. 


Incidence of dental decay in children in an endemic fluorosis area in the Punjab. 






TEETH CARIOUS. 


Age. 

Number of 
children 
examined. 

Percentage 
of children 
free of 
caries. ' 

Deciduous. 

Peemanent. 

All teeth. 











Number. 

Per cent. 

Number. 

Per cent. 

Percentage 

carious. 

6 

71 

51-4 

1,203 

5'4 

468 

2-S 

4-8 

7 

158 

43-6 

2,390 

ITS 

1,411 

2-7 

8-3 

8 

206 

44-1 

2,773 

9-6 

2,230 

3-1 

6-C 

9 

198 

41-4 

2,244 

10-2 

2,629 

2-S 

6-2 

10 

187 

43-8 

1,660 

1I'3 

2,998 

3-3 

6-1 

11 

138 

44-9 

778 

14-3 

2,772 

3-6 

6-0 

12 

93 

51-G 

412 

11-1 

2,024 

5-1 

6-0 

13 

89 

.50-1 

181 

8-9 

2,242 

3-0 

3-4 

14 

44 

45 '4 

54 

12-9 

1,267 

4-0 

4-9 

15 

18 

44-4 

11 

... 

477 

4-4 

4-3 

IG 

21 

57-1 

... 

... 

565 

0-0 

6-0 



Total 
number 
of teeth. 

Percentage 

carious. 


Extent 

of caries. 


Average 


1 

2 

3 

4 

figure. 

Deciduous .. 

11,706 

10-3 

418 

395 

190 

205 

0-22 

Permanent .. 

19,083 

3-6 

442 

174 

27 

44 

0-05 

Total .. 

30,789 

6-1 

860 

569 

217 

249 

0-12 


(6) In Table IV is recorded tbe incidence of dental decay in children (in 
fluorosis area) rvith and witliout mottled enamel. Children with mottling of enamel 
more freedom from caries in comparison with those showing no mottling in all ag® o 
except age group}! 2. 
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Table IV. 

Incidence of dental decay in children with and loithoid mottled enamel in an endemic 

fluorosis area. 



Age. 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


( Number of children 

23 

37 

45 

45 

30 

31 

21 

17 

12 

7 

ICot mottled 

J 

[ Per cent free of caries 

... 47-8 

27 0 

31-1 

26-6 

40-0 

41-6 

57-1 

41-1 

41-6 

42-8 

- 

1” Number of children 

Per cent free of caries 

48 

121 

131 

153 

157 

107 

72 

72 

32 

11 

Mottled 

... 52-1 

47-7 

47-8 

45*7 

44-6 

45-8 

50-0 

61-1 

46-8 

63-G 


(c) In Table V the incidence of dental caries in children in South India mth and without 
mottled enamel is compared. The group of children with mottled enamel were resident in 
the Kurnool area, while the remainder, free from mottling, were living in other parts of South 
India. A number living in Central India are also included. The groups are,‘^erefore, not 
strictly comparable as regards diet and living conditions. Perusal of Table V shows that the 
incidence of dental caries in the different age groups was consistently higher in the children 
not showing mottled enamel. 

Table V. 

Dental caries in children with and without utottled enamel 
in South and Central India. 


Serial 

number. 

Age. 

Number or 

Pebcektage or 

CHIEDEEN FREE 
FROM CARIES. 

Difference 
between 
columns (6) 
and (6). 


With 

mottling. 

Without 

mottling. 

With 

mottling. 

Without 

mottling. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

1 

6 

5 

37 

40-0 

43-2 

- 3-2 

2 

G 

23 

184 

52-2 

51-1 

+ 1-1 

3 

7 

39 

352 

51-3 

42-0 

+ 9-3 

4 

8 

115 

396 

42-6 

36-8 

+ 5-8 

5 

9 

57 

347 

52-6 

34-3 

+18-1 

6 

10 

107 

378 

49-5 

42-3 

-|- 7*2 

7 

11 

45 

320 

GO-0 

38-4 

+21-6 

S 

12 

121 

377 

46-3 

33-9 

+ 12-4 

0 

13 

G2 

314 

48-4 

37-2 

-1-11-2 

10 

14 

7G 

292 

47*4 

35-6 

+ 11-8 

11 

15 

55 

303 

43-6 

35-3 

+ S-3 

12 

16 

59 

277 

49-1 

31-0 

-f lS-1 

13 

17 

G7 

467 

56*7 

37-2 

-rl9-5 
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Except in tiie case of age group 5, all the figures in column 7 bear a phs sign. The 
analysis of variance due to various factors will throw light on the statistical significance of 
these differences. The results of such analysis are shown below : — 


Source of variance. 

Degree of 
freedom. 

Sum of 
squares. 

Variance. 


(1) 

(2) 

(3) 

Age ... 

• •• 

12 

375-82 

31-32 

Mottling V. non-mottling 

... 

1 

770-83 

776-83 

Residual 

... 

12 

319-56 

26-63 

Total 

... 

25 

1,472-2 

... 


Column 3 shows the degree of variability due to the three causes. Residual variance, 
arising from uncontrolled factors, and variance due to age, were small in relation to variance 
due to mottling. The latter was many times greater than that attributable to the factor 
of chance. This clearly suggests that the presence of mottling is protective against dental 
caries. A further point of importance emerges from statistical study of the data. As age 
increases there is a tendency for the differences to increase in magnitude. The slope of a 
straight line fitted to these values was calculated by the method of least squares and its 
statistical significance tested. The value was found to be 1’245, with a standard error 
of O' 541. This is significant at a 5 per cent probability level, and indicates that the 
nature of the slope could not be due to chance. It seems justifiable to draw the conclu- 
sion that, within the age span in question, children with mottled enamel show an increasing 
advantage over those without mottled enamel as regards freedom from caries as age 
advances. 


(d) Caries and degree of mottled enamel . — The relation between the incidence of denta 
caries and the degree of mottling in the different age groups in group 1 was also inyestigac®^ 
and different statistical tests were employed. Although in the earlier analysis it 
established that mottling is associated with a lower incidence of dental canes 
examination failed to show that the severer forms of mottling were related to a coinpara 
tively lower incidence of caries. It is possible that fluorine may exert a protective eiie^^ 
against caries in concentrations below those necessary to produce the severe degrees 
mottled enamel. 


3. Caries and mottled enamel in adults . — Table VI shows the incidence of dental cari 
in 1,074 adults with and without mottled enamel. In this case no association between 
incidence of dental caries and mottling was elicited. The difference in the 
caries in those with and without mottled enamel was statistically significant only 
age group, i.e. 31 to 40. The lack of association between dental caries and 
be due to the fact that the policemen in question had not been living throughout 
life in an endemic fluorosis area. It is possible that with change in water-supply^^. 
fluorine present in dental and other tissues is lost by excretion, while the mottling ^ 
is produced by^ excess ingestion of fluorine during the earl)’^ y^^ears of life remains 
permanent feature. 
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Table VI. 


Incidence of dental caries in adults [Punjab Police) with and 
without mottled enamel. 

(a) 


Age group, 
years. 

With or without 
mottling. 

Number of 
adults 
examined. 

Total number 
of teeth. 

Percentage of 
adults free 
from caries. 

Percentage of 
teeth carious. 


With mottling 

65 

1,979 

38-4 

7-6 

18 to 20 J 

Without mottling ... 

106 

4,560 

29-8 

8-9 


With mottling 

121 

3,789 

30-6 

8-7 

21 to 30 - 

Without mottling ... 

401 

12,548 

/ 

30-6 

10-4 


With mottling 

’33 

1,042 

48-4 

9-1 

31 to 40 

Without mottling ... 

I’ll 

5,559 

26-6 

10-8 


; With mottling 

8 

308 

50-0 

5'5 

41 to SO 




29'3 

8-9 

Without mottling ... 

92 

2,903 

( With mottling 

1 

32 

... 

9-3 

51 to 55 t _ 


[ ■Without motUing ... 

7 

224 

42-8 

a-3 


(&) 


Total Percentage 

number of of carious 
teeth. teeth. 


Extent of caries. 

^ ^ , 
I 2 3 4 


Average Number of 
caries carious teeth 
figure. per mouth. 


With mottling 

7,150 

8-3 

375 

92 

30 

103 

0T6 

2-6 

Without mottling ... 

25,794 

101 

1,235 

393 

199 

778 

0-22 

3-2 


Summary. 

1. The correlation between the incidence in children of dental caries, mottled enamel 
and fluorine content of drinking water has been studied in various parts of India. 

2. positive degree of correlation between the incidence of mottled enamel and the 
fluorine content of drinking water was observed which was found to be statistically signi- 
ficant. 

3. ^Statistical analysis showed that degree of severity of mottled enamel was correlated 
with a higher concentration of fluorine. 

4. A lower incidence of dental decay was recorded in 1,765 children showing mottled 
enamel as compared to 4,312 children showing no mottling of enamel. 

5. The severity of mottled enamel had no influence on the caries incidence. 

G. In a group of 1,074 healthy adults, who were not living throughout their life in 
an endemic fluorosis area, no association between the incidence of dental caries and mottled 
enamel was elicited. 
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As far as we arc aware no attempt has so far been made to estimate with precision 
the aoe of eruption of the difierent teeth in any part of India. The only study of this subject 
appears to be that of Powell (1902) in Bombay, but his work was an attempt to define 
the range of variation rather than to estimate the mean age of eruption. Even in the 
advanced countries of the West very little attention has yet been paid to determine with 
a desirable degree of accuracy, the age at which the teeth erupt in different sections of the 
population. Rlein, Palmer and Kramer (19B7) seem to be the first to have recognized 
the need of precise assessment of eruption age and claim to have developed a suitable 
statistical technique for interpreting their data. Previous workers, viz. Suk (1919), 
Magitot (1883), Broca (1879), Mayet (1912), Cherot (1912), Welcker (1886), and Livy 
(1879), adopted methods of estimation which according to Klein et al. {loc. cit.) are not 
statistically sound. 

The problem is of medico-legal importance because in cases of uncertainty regarding 
the true age of children and adolescents the condition of the teeth is one of the chief criteria 
used in making an estimation. This is true in India more than elsewhere because little 
reliance can be placed on individual birth records or on the average person’s statement 
concerning his or her age. 

To a student of dental diseases also a knowledge of the age of tooth eruption is necessary 
in order to correlate disease incidence with the post-eruptive age of the teeth. 

Relevant data for the estimation of the eruption age of teeth reported in this paper 
were collected (i) from the rice-eating areas (Madras, South India) and {ii) from the wheat- 
eating areas (Lahore, North India). The boys and girls examined were from different 
schools and their ages were determined from the dates of birth recorded in the school 
registers. For each child a card was prepared on which the presence or absence of each 
permanent tooth was recorded. The total numbers of boys and girls of all ages, ranging 
from 5 to 21, examined were as follows ; — 

Number examined. 

Boys. Girls. 

Rice-eating area (Madras City) ... ... 1,412 474 

IVheat-eating area (Lahore City) ... ... 1,713 

In Tables I to III figures are set out separately for South Indian boys and girls and for 
boys in North India. The percentage of children showing the presence of any particular 
permanent tooth can also be read out for each age in these tables. 

In each case, at the lower ages, the percentages are zero while at the higher ages they all 
reach 100. If these percentages are charted against age they follow the shape of the so- 
called sigmoid curve. 


Different types of rnathematical equations have been used to describe these curves. A 
group of English investigators have fitted what is called the logistic curve. Klein el al. 
{loc. cit.) iised the equation of the normal curve of error for this purpose as well as to describe 
the eruption process. Although both the methods involve heavj'^ computational work the 
use of the normal curve has the advantage that along with an estimate of the average age 
a few other constants, e.g. the standard error of each estimate, the percentage of children 
below any age m whose mouths teeth have erupted, the proportion of teeth erupting between 
any two ages, as also the velocity of eruption, can be expressed numerically. 
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Table I. 

Percentage of children with permanent teeth at each age. 
South Indian boys. 
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ipper jaw ; X,. J. = Lower jaw ; L. == Left ; B. = Right. 




-= Lower Jaw : 



Table II. 

Percentage of children loith penmnent teeth at each age. 
South Indian girls. 

Central incisor. Lateral incisor. Canine. 
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pper jaw ; L. J. = Lower jaw ; L. = Left ; R. = Right. 


Table II — concld. 



II 

►4 





P 
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Lower jaw ; L. = Left ; R. = Right. 



Table III. 

Percentage of children tvith permanent teeth at each age. 
North Indian boys. 



'( no ) 


ppor jaw ; L. J. = L*ower jaw ; L. =5s Loft; R, = RiRlit. 



Table III — conckl. 
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U. .T. = Uppor jaw ; L. J. = Lower jaw ; L. = Left ; R. = Right, 


Tlie question as to wliich type of curve will adequately descriJje tbe eruption process 
must still be considered to be oojitroversial. It is not proposed in tin's paper to discuss tk 
purely theoretical aspect of these mathematical attempts at giving expression to the eruption 
process of teeth. Suffice it to state that whilst we agree with Klein el al (he. cit.) that the 
application of the normal curve of error has several advantages, we are not at all convinced 
that this curve could be applied to express the eruption of each tooth separately. Klein 
et al. (he. cit.) do not seem to have tested whether this curve can be used satisfactorily for 
each tooth separately. The findings of the writer, as explained in a subsequent paragraph, 
are that frequency curves of a variety of shapes are met with and that it would be futile to 
adhere to a curve of rigid shape like the normal curve which does not permit of sufficient 
adaptability to such data. 

In the three Charts are presented histograms, one for each tooth. The height of the 
bar against each age indicates the percentage of children in wdiom teeth erupted at that 
particular age. Data for all the 32 teeth have been charted together, eight in a column for 
purposes of -comparison. 

The histogram for the first molar follows definitely the usual J-shaped form. The 
eruption of this tooth is completed within three years, viz. between the ages of 6 and 8 years. 
If a true form of curve for this tooth is to be determined it will be necessary to record data 
on smaller intervals of say a month on a very much larger number of children. For practical 
purposes, however, the diagram now shown indicates clearly that in the majority of children 
this tooth erupts at the age of 7 years. 

Histograms of teeth which erupt later show that there is a tendency for the shape to 
become symmetrical and only in the case of the two bicuspids and of the canine can it be 
accepted that the normal curve would be satisfactory. Records of the latest teeth to erupt 
show that there is again a tendency for the histogram to become asymmetrical hut the 
skewness is of the negative type. For instance the eruption of the third molar is relatively 
rare before the age of 20 to 21 years by which age this tooth has almost invariably erupted. 
For these extreme types of skew curves we cannot at this stage suggest any single definite 
form of mathematical equation. This, however, is merely of academic interest,^ For 
practical purposes what matters is the know'ledge as to when the large majority of 
individuals have any particular teeth erupted. This information is sufficiently indicated 
by the histograms. 

From the information .set out in Tables I to III estimates have been made of the 
average ages of eruption for each tooth. These are given in Table IV separately for South 
Indian boys and girls and for Lahore boys. 

An explanation is necessary in regard to the age shown against each group. As already 
stated, this information was taken from the school registers containing dates of birth and, 
from this, the nearest age to the month was noted. When thus recording the age, luontlis 
exceeding 0 were taken as another extra year and those less than 6 were rejected. The age 
was thus recorded in the nearest whole number according to the birth date. The date o 
birth is not- always recorded with perfect accuracy in this country and may in exceptwua 
instances be in error to the extent of a year or more. In discussing small differences o 
fractions of a year this point has to be borne in mind. 

The first molar is the earliest permanent tooth to erupt ; then follow central 
lateral incisor, first bicuspid, canine, second bicuspid and the second and third molars, t ' 
mean figures fail to show' any consistent difference between boys and. girls in South India or 
betw’een the two groups of boys in South India and in Lahore (Punjab), However, a le 
points of interest may be mentioned : — 

(i) The first molar and the central incisor seem to erupt earlier among boys than 

girls. 

(ii) The lateral incisor, first bicuspidj and canine erupt earlier amongst girls. 

(m) The first and second molars, the central incisor and the canine erupt earlier m 

Iiahore ])oys than in Madras boys. 

(hi) The second bicuspid, on the other hand, erupts earlier amongst ^ 

than Lahore boys. The same is generally true of the lateral incisor a . 

( 112 ) 



tATERAL CSWRAt 

2rd MOLAR 2n<J MOLAR CANINE 2nd 8ICUSP)D lif BICUSPID (NCiSOR INCISOR UL MOLAR 


Chart 1. 


Eistograms sJmving for South Indian boijs the percentage of teeth erupting at each age. 
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Chart 2. 

Histograms showing for South Indian girls the percentage of teeth erupting at each age. 
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Chart 3. 


Hislograms shoioinj for Lahore boys ilie percentage of teeth erupting at each age, 

UPPER JAW LOWER JAW 



Cn,U4jUE. 


cn.uLRT. 


■ Cn,tJ,tF, Cn.U.RT. 

JLL 

•-*-^^** M|i 1 1 I I 


SMjUJ^LF. 


F. I SM,UJ,R.T. I SM,LJ,LF. SM.URT, 

jJi. 




TM,UJ>F||| 

■ ' t ,. 




Tn,LJ,LF 



mu^RT- 


Codes ; tIJ~trppcT ja-w, U— Lo-wer jaw, U?— Left, KT— Right, K4— 1st molar. Cl— Central incisor, 
rp^T* incisor, IR — 1st bicuspid, SB — 2nd bicuspid, Cn — Canine, SM — 2nd molar, 

■tJI — 3rd molar. 


( 115 ) 



Table TV. 


The mean ages of ervption of different teeth in South Indian hoys and girls and in 

North Indian boys. 


Tooth, 

Jaw. 

Side. 

Soutli Indian 
girls 
(yeans). 

South Indian 
boy.s 
(years). 

Lahore boj’s 
(years). ‘ 


1 

( Riglit ... 


G-Dl 

G-59 

6-90 


Upper J 

I 






I 

[ Left ... 

• • » 

G-ni 

G-GC 

G-21 

1st molar 








1 

f Riglit ... 

. < . 

C-91 

G'59 

5-90 


. Lower j 








[ Left ... 

.44 

G-71 

6-59 

5-93 


Central incisor ■ 

Upjier 1 
Lower -j 

Riglit ... ... 7-30 7-2S 6-87 

Left ... ... 7-24 7-39 6-87 

Right ... ... 7-20 7-04 C-80 

Left ... ... 7-20 7-22 6-78 

Lateral incisor - 

'' Upper -j 

Lower ■ 

Right ... ... 7’C2 S‘38 

Left ... ... 7-39 S-29 8-29 

Right ... ... 7-70 7-77 9-16 

Left ... ... 7-37 7-94 

1st bicuspid 

Upper 

. Lower 

■ Right ... ... 10-50 10-52 10-60 

Left ... ... 10-60 lO-GG 10-27 

' Right ... ... 9-4C 10-79 10-38 

. Left ... ... 10-67 10-9G 10-58 

2nd bicuspid 

' Upper 

. Lou er 

■ Right ... ... 11-57 10-GG H'lO 

Left ... ... 11-3C 10-38 ll'H 

Right ... ... 11-36 11-80 IS-Il 

^ Left ... ... 11-47 11-71 13-02 

Canine 

j" Upper 

1, Lower 

^ Right ... ... 10-92 11-26 11-^0 

[ Left ... ... 10-82 11-00 lO'Ol 

f Right !.. ... 10-42 10-77 lO'-^^ 

[ Left ... ... 10-G2 11-60 10'^° 
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Table IV — comld. 


Tooth. 


Jaw. Side. 


South Indian South Indian 
giris boys 

(years). (years). 


Lahore boys 
(years). ' 


2nd molar 


Tipper 

r Right ... 

... 

11-86 

12-37 

11-05 

( Left ... 

... 

11-96 

12-37 

11-12 


^ Eight ... 

... 

11-59 

12-26 

11-41 

Lower 






1 Left ... 

... 

11-48 

U-90 

11-26 


We have combined the eruption ages for boys and girls of both the places as well 
as for the four quadrants into one estimate. These mean ages of eruption are shown 
in Table V ; — 

t 

Table V. 


Mean ages of eruption. 


Tooth. 


Years. 


India. 

U.S.A. 

(Klein ct al.) 

Central incisor 


7-10 

7-34 

Lateral „ 


7-88 

8-38 

Canine 


10-87 

11-42 

1st bicuspid 


10-50 

10-21 

2nd „ 


11-57 

11-00 

1st molar 


6-4S 

6-59 

2nd „ 


11-79 

12-65 


_ The Indian figmres are similar to those of the United States of America, except that there 

LnTSe ui'SSs * 

bearing on the problem of tooth eruption age should be 
collected m India over a larger population and separately for the different population groups 

I intervals of age shorter than a year and if a large enoZHSes 

ennh possible to calculate precisely not only the mean age of eruption of 

wA ntlVriV' to determine the curve of emption mocess 

V e make no claim that the estimates made by us are applicable to the whole of India. 


kJUMMAteX. 
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The difierences noticed in tlie eruption ages Ijetweentoys and girls are not very marked ; 
those between boys of South and North India are also small. Our estimates seem to indicate 
that in India the eruption of teeth takes place somewhat earlier than in the United States 
of America. 


I am greatly indebted to Mr. Satya Swaroop of Punjab Public Health Department, 
Lahore, for the interest he has shown in the work and for the advice and the assistance 
he has given me. 
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In May 1945, the Ansemia Investigation Team and a Nutrition Team, General Head- 
quarters, India, began a combined experiment on South Indian army recruits, and this paper 
describes the initial blood findings on the 800 subjects. The nutritional observations were 
entirely the work of one of the authors (0. P. V.), whilst the other three are responsible for 
the laboratory work and the statistical analysis. 

Materul. 

Eight hundred and one newly-joined South Indian Pioneer recruits were examined 
during May and June 1945 in Harihar, Mysore State, which is 1,700 feet above sea-level. 
The temperature range at this time was about SO^F. to 90°F. 

The majority of these men were Tamils and Telegus from the south-east and north-east 
parts of the Madras Presidency respectively, and Malayalis from the south-west coast. All 
belonged to the agricultural and labouring classes. Nearly all gave their ages as between 
18 and 30 years, and most appeared to be between 18 and 20 years of age. 

The economic status of these men had been very low. An investigation by one of us 
(0. P. V.) showed that the estimated family income barely sufficed to buy an adequate diet 
at pre-war prices, and during the war the cost of all necessities has risen greatly. Rice was 
the staple food. They ate very little animal protein ; many could not afford any meat, and 
fish was not often available. The average consumption of miUv certainly did not exceed 
two or three ounces daily. The main vegetable source of protein was a small amount of dhal 
(pulses). The fat intake was very small. 

The Malayalis came from the most fertile area, and the Telegus from the least fertile, 
and this difference was clearly reflected both in the estimated daily diet and in the degree 
of malnutrition observed in the different races. 

Technique. 

We determined the haemoglobin level, red cell count, and packed cell volume of each 
recruit, and examined a stool for hookworm ova. Venous blood was taken at 08.30 hours, 
when the men had sat down for half an hour after their breakfast of tea and chapatties. 

Blood . — Blood was drawn from an arm vein. No tourniquet was used, but if necessary 
the veins were made prominent by the brief pressure of a hand. Syringes were sterilized 
by hot liquid paraffin, and Wintrobe’s dry oxalate mixture was used as anti-coagulant 
(Whitby and Britton, 1942). 

Hcemoglobinomcter . — ^Haemoglobin was estimated as acid hEematin matched against the 
glass wedge standard of the Zeiss ‘ Hamometer ’. In order to minimize errors due to tempera- 
ture varmtions the machine was re-calibrated to a maturation time of eighty minutes, using 
bloods of known linsmoglobin content determined as'alkaline hsematin with a standard made 
from pure crystalline hasmin (King el ah, 1944). The standard error of a single reading of 
this instrument is ±0-16 g. luemoglobin. 
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Red cell counts. — used Hellige red cell counting pipettes. Two Zeiss Thoma counting 
chambers were charged from the same pipette, and aiiout 500 cells coimted-in each. If tlie 
totals for the two chambers differed by more than ten per cent another pipette was filled 
and the count repeated. 

Hccmntocrits. — ^For packed cell volume determinations blood was centrifuged for 45 
minutes at 3,000 r.p.m. in Wintrobe hsematocrits. 

Hookworm examinations. — We examined stools for hookworm ova by the usual gravit)* 
flotation technique in which about 1 g. of feeces is emulsified in 10 ml. of saturated saline. 
We counted the number of ova per microscope field (1/3" objective and x 6 ocular) and 
roughly classified the infestation as : — 

Very light ... ... ... One ovum per six or more fields. 

Light ... ... ... One ovum per two to five fields. 

Moderate ... ... ... One to four ova per field. 

Seavy ... ... ... Five or more ova per field. 

Statistictjd analysis. — The statistical methods used are fundamentally those of Fisher 
(194.4). Differences between proportions were tested by the x-sc^uared test, and differences 
between means by the analysis of variance and the ‘ t ’ test. When there was a possibility 
of interaction in a multiple classification Yates’ (1934) method for the analysis of unorthogonal 
data was used. 

Results. 

The haemoglobin distribution of these recruits is summarized in Table I. Twenty per 
cent of Malayalis, 30 per cent of Tamils, and 40 per cent of Telegus were anaemic (haemoglobin 
less than 14 g. per 100 ml.). When concomitant allowance was made for the differing 
incidences of malnutrition [see below), the mean haemoglobin level of the Telegus was still 
significantly lower than that of the other races. 

Table I. 

The haimoglobin distribtition in recruits of various races. 


H.pmoglobin in grammes per 100 ml. 


Race, 










Total. 

Mean. 

S. D. 

6- 7- 8- 9- 

10- 

n- 

12- 

13- 

14- 

15- 

16- 

17- 




Tamil 

1 ... 1 4 

2 

15 

19 

69 

101 

126 

66 

6 

410 

14-60 

1-470 

Malayalam ... 

1 

3 

s 

7 

25 

71 

S3 

25 

8 

231 

14-75 

1-350 

Telcgn 

1 1 

3 

7 

12 

28 

37 

34 

14 

... 

137 

14-12 

1-633 

Canarese 



2 

1 

... 

1 

3 

8 

2 

... 

17 

14-37 

1-883 

Others 

• >4 ••• •>> 

••• 

... 

... 

2 

2 

2 

... 

... 

6 

14-62 

... 


Of these recruits 75 per cent were Hindu, 17 per cent Christian, and 8 per cent Mohanv 
medan ; there were no significant differences between these categories. 


Malnutrition and anccmia. 

The difficulty of makiirg any quantitative assessment of malnutrition is notorious, but 
we recorded each recruit’s height and weight, the degree of muscular development, the 
amount of subcutaneous fat, and any signs of vitamin deficiency. This clinical assessment 
of malnutrition was made quite independently of the laboratory findings by one of us (0. P. ' •)• 
who is preparing a detailed report. To prevent any prejudice clinical and laborato^ 
workers refrained from examining one anotlier’s results until the findings of both were nnali\ 
recorded in writing. 

There was no correlation between height or weight and anaemia,, but the hmmoglobm 
level was clearly correlated with the other measures of nutrition. 

1 120 ) 


Miis^cU development . — ^^luscle development (the amount, not quality, of^ muscle present) 
■was poor in one-third of the recruits and -was only moderate in the remainder. Table II 
shows the hseraoglobin distribution in these two groups, and it will be seen that ansemia was 
considerably commoner in the men -with poor muscle development. Table III shows the mean 
luemosiobin values of men of various races with poor and moderate muscle development. 
The analysis of variance (Yates’ method, loc. cit.) gives : — 



Degrees of 
freedom. 

S\im of 
squares. 

Mean 

square. 

Variance 

ratio. 

P. 

Between races . 

3 

36026 

12-009 

5-72 

0-001 

Between muscle developments ... 

1 

20-000 

20-000 

9-67 

0-003 

Interaction 

3 

3-818 

1-273 


... 

Within groups 

793 

1,663-569 

2-1003 




Table II. 

The percentage Jiwmoglobin distribution in recruits until poor and 
moderate muscle development. 

(The figures from which these percentages are calculated are 
given in Tables VII and VIII.) 





Hemoglobin in grammes per 100 ml. 




3Iusole development. 

Under 11. 

11- 

12- 

13- 

14- 

15- 

16 and 
over. 

Mean. 

Poor 

5 

4 

6 

23 

26 

26 

11 

14-23 

Moderate ... 

1 

3 

4 

13 

27 

35 

IS 

14-30 


Table III. 

The mean hemoglobin {g. per 100 ml.) of men of different races with poor 
and moderate muscle development. 


3IUSCLE DEVELOPMENT. 



r~ 





Tot-vl. 


Race. 

POOK. 

MonER.iTE. 



Weight of 








mean. 


Number. 

hlean. 

Number. 

Mean. 

Number. 

Jlcan, 








o 


Tamil ... 

166 

14-35 

244 

14-S7 

410 

14-66 

395-17 

Malavalam 

67 

14-29 

164 

14-S9 

231 

14-7.5 

190-27 

Telegu ... 

54 

13-75 

83 

14-36 

137 

14-12 

130-86 

Others ... 

S 

lo*54 

15 

14-01 

23 

14-43 

20-87 

Tot.vl 

29,7 

14-23 

506 

14-80 

801 

14-59 

737-17 

WmeuT ov 

97 

-284 

17 

9-96 





( 121 ) 



In all races the mean heemoglobin level of men with poor muscle development was lower 
than that of men with moderate muscle development, and the difference was clearly signi- 
ficant. This analysis shows also a very significant difference between races, and ‘ t ’ tests 
between the weighted means show that the mean hajinoglobin level of the Telegus is very 
significantly lower than that of Malayalis and Tamils even wdien allowance has been macfe 
for differing ‘ muscle development ’ distributions. 

Subcutaneous fat . — The amount of subcutaneous fat was also correlated with antemia, 
but in a paradoxical fashion (Table IV). In the men with poor muscle development the 
analysis of variance gives : — 



Degrees of 
freedom. 

Sum of 
squares. 

Mean 

square. 

Variance 

ratio. 

P. 

Between groups 

2 

47-370 

23-685 

9-74 

Under 

0-001 

Within groups 

292 

710-314 

2-432 

... 

... 


The men with poor subcutaneous fat had the highest mean haemoglobin level, and those 
with moderate subcutaneous fat had a significantly lower level (P : O’ 003). The men with 
good subcutaneous fat had a yet lowmr mean, significantly lower than the ‘ moderate group 
(P : O’Ol), and very significantly lower than the ‘ poor fat ’ group (P : O’OOl). 


Table IV. 

The relationslivp of the mean hcemoglobin {g. per 100 ml.) 
to muscle and fat development. 


JIUSCLE DEVELOPMENT. 

f " \ 

Fat development. Poor. Moderate. 



Number. 

Mean. 

Number. 

Mean. 

Poor 

191 

14-47 

216 

14-85 

Moderate ... 

98 

13-89 

280 

14-80 

Good 

6 

12-20 

10 

13-69 


The men ivith moderate muscle development show 

a similar 

but 

much less marhed 

difference : — 

Degrees of 

Sum of 

Mean Variance 

’ P. 

' 

freedom. 

squares. i 

square. 

ratio. 

Between groups 

2 

12-875 

6-4360 

3-49 

0-04 

Within groups 

503 

927-625 

1-8442 

... 

... 


Here the men with good subcutaneous fat have a mean haemoglobin level just signi- 
ficantly lower than that of either of the other tw’o groups. 

Vitamin deficiency signs. — Only ocular and cutaneous signs of vitamin deficiency occurrcc 
frequently enough for us to test the correlation ^\'ith ansemia. The eye signs were abnorma 
conjunctival pigmentation, xerosis, and abnormal conjunctival vascularity, all usua } 
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ascribed to vitamin A deficicncj'. The presence or absence of abnormal conjunctival 
vascularity was clearly shown to have no relation to ancemia, and it is not included in the 
‘ eye signs ’ in the analysis below. The skin signs were marked dryness, roughness, and doss 
of elasticity, progressing to scaling, ‘giraffe skin’, and, rarely, follicular hyperkeratosis 
(phrynoderma). These signs have licen ascribed to vitamin A or B deficiency, but Platt 
(1945) has recently suggested that they are a direct result of protein deficiency. 

The mean ha;moglo))in levels of men wnth well-marked signs of these various types are 
shown in Table V. The incidence of these signs was nearly the same in both muscle- 
development groups (P : 0'7). The analysis of variance gives : — 


Degrees of Sum of Mcau Variance 
freedom. square^. square. ratio. 


Between deficiency .^giis 

3 

36-861 

12-287 

5-89 


Between muscle developments 

1 

19-771 

19-771 

9-48 


Interaction .... 

3 

7-447 

2-4823 

... 

... 

Within groups 

793 

1,053-315 

2-0849 


... 


The mean hajinoglobin level of men with deficiency signs of both skin and eyes was very 
significantly lower than that of men with no such signs (P : O’ 0001), and significantly lower 
than the mean haemoglobin levels of men with skin or eye signs only (P : 0'03). Men with 
skin signs only had a mean hremoglobin level significantly lower than that of men with no 
signs (P : O'Ol). but men with eye signs only did not differ significantly from either of 
these two groups. All these differences were shown equally by both muscle development 
groups — ^there was no significant interaction. 

Table V. 

Tlw relationship of tha mean htemoglohin [g. per 100 ml.) to muscle development 
ana vitamin deficiency signs of the shin and eyes. 


jrcSCLE DEVELOPVCEST. 

^ » — ^ Total. 

Deficiency signs. Poor. Moderate. Weight of 

mean. 



Xumber. 

Mean. 

Xumher. 

Mean. 

Xumber. 

Mean. 


Xone ... 



87 

15-16 


mm 

llo-ll 

Eye only 



41 

15-12 

66 

■SI 

62-12 

Skin only 



212 

14-73 

345 

14-59 

326-91 

Skin and eye 

94 

13-85 

166 

14-61 

260 

14-34 


Total 

295 

14-23 

506 

14-80 

SOI 

14-59 

744-20 


IVeight or MEAK ... 190-53 343-16 


analysis did not reveal any significant differences between the contributions to 
antemia of any of the signs listed above. 


Eooheorm infestation and ancemia. 

^rak?-Ii;« IS these recruits were infested with hookworms (Table VI). The 

IS showed significantly more infestation than either Tamils (P : 0-005) or Telemis 
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(P : O'Ol), but these two latter did not differ significantly from one another (P ; 0'16). The 
amount and degree of infestation was very nearly tire same in tjnen with poor and 
moderate muscle development, but it was only in the former group that infestation increased 
anaemia. 

Table VT. 


The percentage amount of hooTzxoorni infestation in recruits of 

different races. ' 


Race. 

' 

Hookworm load. 


Number 

None. 

Very light. 

Light. 

Moderate. 

Heavy. 

of cases. 

Tamil ... 

26 

35 

19 

17 

3 

410 

Malayali 

IS 

30 

20 

24 

8 

231 

Telegu ... 

32 

31 

12 

19 

6 

137 


Table VII shows the haemoglobin distribution in recruits with poor muscle development 
and different hookworm loads. The incidence of anaemia (haemoglobin less than 14 g. per 
100 ml.) increased progressively from 32 per cent in non-infested men to 47 per cent in 
heavily infested men. Analysis of the variance of these haemoglobin values gives : — 



Degrees of 
freedom. 

Sum of 
squares. 

Mean 

square. 

Variance p_ 

ratio. 

Between groups 

4 

26-129 

6-5323 

2-59 0-04 

Within groups 

290 

731-555 

2-5226 

... 


Significant differences are thus present between the mean haemoglobin levels of some 
of these groups, and ‘ t ’ tests show that the means of men with light and heavy infestations 
are significantly lower than the means of non-infested and very lightly infested men. 


Table YII. 


The hcemoglohin distribution in recruits ivith poor muscle development and 

different hookworm loads. 

Poor muscle development. 


' Hookworm 
load. 

Haemoglobin in grammes per 100 ml. 



Total. 

Mean. 

S. D. 

6- 7- 8- 9- 10- 

11- 

12 - 

13- 

14- 

15- 

16- 

17- 

None 

2 

2 

4 

18 

22 

25 

8 

1 

82 

14-50 

1-383 

Very light 

2 1 

5 

7 

17 

25 

28 

13 

1 

99 

14-40 

1-572 

Light 

1 ... 2 

3 

3 

14 

18 

10 

2 

... 

53 

13-91 

1-514 

Jlodcrate 

0| 

3 

4 

15 

8 

10 

4 

... 

46 

14-03 

l-.^22 

Heavy 

1 2 

... 

1 

2 

4 

4 

1 

... 

15 

13-41 

2-749 


Tot.\i. ... 1 ... 1 2 9 13 19 66 77 77 2S 
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Table VIII shows the htemoglobin distribution in men with moderate muscle develop- 
ment and different hoolrworm loads. The analysis of variance gives : — 



Degrees of 
freedom. 

Sum of 
squares. 

^lean 

square. 

Variance 

ratio. 

P. 

Between groups 

4 

15-090 

3-7725 

2-04 

Over 

0-05 

Within groups 

■ .501 

925-407 

1-8471 




There are thus no .significant^ differences in the mean hfemoglobin levels of the various 
hookworm groups, and even the- men with heavy infestation did not differ significantly 
from non-inf ested men (P ; O'l). 

Table VIII. 


The hcemoghbiii ilistribnt'ion iv rccn/ffs with moderate muscle development and 

different hoohcorm loads. 

Moderate muscle development. 


Hookworm 

load. 

Hsemoglobin in grammes per 100 ml. 



Total. 

Mean. 

S. D. 

6- 7- 8- 9- 10- 

11- 

12- 

13- 

14- 

16- 

16- 

17- 

None 

• 2 ... 

2 

5 

lo 

24 

38 

•27 

4 

117 

14-99 

1-420 

Very light ... 

1 

2 

7 

19 

43 

71 

21 

2 

1G6 

14-87 

1-133 

Light 

2 ... 

8 

2 

8 

30 

23 

12 

2 

87 

14-60 

1-505 

Moderate 

1 

5 

2 

14 

28 

38 

15 

4 

107 

14-79 

1-521 

Heavy 


1 

3 

3 

12 

G 

4 

... 

29 

14-53 

1-297 

Totai. 

1 4 1 

18 

19 

.59 

137 

170 

79 

12 

oOG 

14-80 

1-.365 


Age and ancemia. 

yie. made every effort to obtain the correct age of these men, but many were obviously 
considerably older or younger than they stated. 

Only in the Tamils was there any correlation between the stated age and the hemoglobin 
level (Table IX). Here the mean hfemoglobin level rose progressively from the ‘ under 19 
years ’ group to the ‘ 23 years ’ group, and the anali'^sis of variance gives ; — 



Degrees of 
freedom. 

Sum of 
squares. 

Mean 

■square. 

Variance 

ratio. 

P. 

Between groups 

7 

98-233 

14-033 

7-19 

Under 

0-001 

Within groups 

402 

784-9SG 

1-9527 

... 

... 
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Significant differences between gronps are very clearly present. The following successive 
differences in mean bjemoglobin level are significant: under 19 and 20 years (P ; O'OOl) * 
19 and 22 years (P : 0-01) ; 20 and 22 years (P : 0-0#) ; 20 and 25 years (P : 0-001). The 
mean of the ‘ 24 years ’ group is, however, very much below that of either adjacent 
group (P less than 0-001), and is significantly lower than that of any group over 
ip years. The 19 men of this ‘ 24 years ’ group were closely questioned, but all persisted in 
giving 24 as their age, though in appearance they seemed to range from 18 or less 
to over 30 years. All could count up to thirty quite fluently in their own language, 
and we have no idea why a group of men more anaemic than the average should have 
so strong’ a predilection for the number 24. 


Table IX. 


The mean hcemoglobin of Tamil recruits at different ages. 


Age in years. 

Under 

19 

19- 

20- 

21- 

22- 

23- 

24- 

26 and 
over. 

Number of cases 

4.5 

30 

144 

23 

49 

22 

19 

78 

Mean Hb, g./lOO ml. 

13-76 

14-17 

14-66 

14-77 

15-04 

16-24 

13-64 

15-23 

S. D. 

1-624 

0-995 

/• 

1-327 

1-687 

1-272 

1-286 

2-567 

1-130 


There was no further significant change in the mean haemoglobin level of age groups 
above 25 years. 

We may conclude that anmmia possibly becomes less common in Tamils with increasing 
age from late adolescence to 22 years, but a safe opinion could only be formed if some much 
more reliable estimate of age than the man’s own statement Avere available. 


Splenomegaly and ancemia. 

Seven recruits had a palpa))lc spleen extending two or three finger-breadths beloAV the 
costal margin. With one exception (haemoglobin 15-6 g.) all had a haemoglobin level o 
13 g. per 100 ml. or lower, and the mean, 12-37 g., was very significantly lower than that of 
men without splenomegaly (H ’ : 4-017). Of these men, 4 had normocytic normochromic 
amemia, 1 normocytic hypochromic, and 1 microcytic normochromic. Only one (hamioglobm 
10-2 g.) was proved to have chronic malaria. 

One further case had a just-palpable spleen; his hemoglobin level was 15-1 g., and In 
had chronic malaria. 

None of these men with a palpable spleen had bilirubimemia or macrocytosis. 


The types of ancemia present. 

There were no differences between the various races or nutritional levels in regard to 
the types of anemia found. Table X shows the classification of the blood counts according 
to hemoglobin 1evel,''mean corpuscular volume (MOW), and mean corpuscular hemoglo in 
concentration (hlCHC). 
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Table X. 


Tha relation between hmmoglobin, mean corpuscular volume and mean corpuscular 
Immoglobin concentration in recruits. 


Hjemoglobin in grammes per 100 ml. 


MCHC 



per cent. 


0- 

7- 

8- 

9- 

10- 

11- 

12- 

13- 

14- 

16- 

16- 

17- 

1 


Under 28 


0 


1 

1 

3 

1 

... 

... 

... 

... 


... 


28— 





1 

2 

2 

... 


... 

... 

... 

... 

Under SO 

30— 




... 

... 

... 

2 

... 

2 

1 

... 


... 


32 and over 



... 


... 

... 

... 

1 

2 

2 

2 

1 

... 


Under 28 




... 

1 

... 

... 


... 

... 

... 

... 



28— 






4 

4 

4 

6 

1 

... 

... 

... 

80— S'J 

30— 




... 


1 

7 

7 

28 

15 

7 

3 

1 


32 and over 



... 

... 

... 

... 

... 

5 

IS 

53 

72 

27 

3 


Under 28 




... 

... 

... 

3 

»»» 

. » * 

* » • 

... 

... 

«•« 


28— 







3 

2 

3 

1 




00-99 

30— 




... 

2 

... 

0 

8 

32 

68 

71 

18 

4 


32 and over 



... 

... 

... 

... 

... 

4 

22 

61 

80 

39 

3 


Under 28 



... 

... 

... 



2 

... 

... 

... 

... 

... 


28— 







... 

1 

2 

1 




100 and over ■ 

30— 



... 

... 

... 

... 


... 

... 

4 

3 

3 

... 


32 and over 

... 

... 


... 

... 

... 

1 


1 

2 

1 

3 

3 


Hypochromia became progressively more common as the anremia became more severe. 
Most of the milder anEemias were normochromic (MCHC 30 per cent or over), but the MCHG 
was usually under 32 per cent. This suggests that some iron deficiency was present, for most 
men with 15 g. haemoglobin or over had an MCHC of 32 per cent or over. 

Most of the anaemia was normocytic, but there was a higher proportion of microcvtic 
anemia in the lower haemoglobin groups. Macrocytic anaemia was rare and-mild ; the most 
marked case had : haemoglobin 11'9 g., MCV 120 cu. p, MCHC 32 per cent. Of 7 macro- 
cytic antemias found, 5 were hypochromic. No case of macrocytic anmmia had bilirubin- 
aemia or splenomegaly. 

A few men with 14 g. haemoglobin or over had a MCV over 100 cu. p but under 103 cu. p. 


Discussion. 

No deduction can be made from this paper as to the prevalence of anaemia in the South 
Indian population. Our subjects were selected by recruiting ofiicers at a time wherthe 
supply of recruits was near to exceeding the demand, and they were certainlv TihvQ.Voll 
above tbe average of tbeir class. Both fa ontritioo Ui fa bljod pietoftS S 
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superior to the Madrasi sweeper recruits exaiuined by the same technique in 1944 (Hynes 
et at, 1945). 

A correlation between malnutrition and anseinia has often been inferred, but is not easily 
proved statistically, for it is impossible accurately to measure the degree of malnutrition. 
In this paper we have proved a very clear correlation between malnutrition, as assessed 
clinically, and anaemia, ])ut the differences observed were relatively slight and the proof 
of their significance demanded an efficient statistical technique. 

Ansemia, was clearly correlated with muscle development. Two-thirds of the recruits 
had moderately good muscle development, and of these 20 per cent had less than 14 g. 
hmmoglobin per 100 ml., and 53 per cent had 15 g. or over. There was nearly twice as 
much ansemia among the other third of the men, whose muscle development was poor : 37 
per cent had less than 14 g. haemoglobin, and 37 per cent had 15 g. or over. 

The amount of subcutaneous fat may also be taken as a measure of nutrition. Anaemia 
was very clearly least common in men with poor subcutaneous fat, and most common in men 
with good subcutaneous fat — 8 out of 1 6 men in this latter group had less than 14 g. hasmo- 
globin per 100 ml., and only 3 had 15 g. or over. 

Since we were here dealing with men who Jiad led an active agricultural life, it seems 
reasonable to assume that on the average the amount of subcutaneous fat is determined by 
the adequacy or otherwise of the calorie intake, whereas muscle development is dependent 
on a sufficiency of both calories and protein. Our findings therefore suggest that the anaemia 
of malnutrition is associated rather with lack of protein than with lack of calories. It also 
appears that anaemia is favoured by a high-calorie low-protein diet, but obviously such a 
hypothesis needs much more critical testing than our data afford. 

There was a very clear correlation between anaemia and ocular and cutaneous signs 
of vitamin deficiency. It is more probable that anaemia and vitamin deficiency are independ- 
ent results of malnutrition than that either influences the other. There is, however, some 
reason for ascribing this type of anaemia to protein deficiency, and if, as Platt (he. cU.) 
suggests, the skin lesions have the same causation, then we have here a more direct connec- 
tion. 

In the more malnourished third of the men an increasing hookworm load progressively 
added to the amount of anaemia, but no such correlation could be demonstrated in the better- 
nourished men. We have here further evidence for the view that the blood loss associated 
with hookworm infestation is easily borne if the diet is adequate, but that infestation js 
a factor in causing or adding to anmmia in under-nourished men. 

The very clear correlation between aneemia and slight splenomegaly maj'^ be taken as 
evidence that malaria also plays a part in the production of this ansemia of malnutrition. 

The greater part of the anemia was normocytic and normochromic, but in most of the 
milder ansemias the jindings were suggestive of iron deficiency, and there was clear evidence 
of this deficienc}’’ in most of the severer anremias. 

hlacrocytic ansemia was rare, and never of the severe type so common in hospital wards. 


(Summary. 

1. An attempt has been made to correlate the blood findings and nutritional status 
of 801 South Indian army recruits. 

2. Anamiia was much commoner in the third of the men whose muscle development 
was poor than in the two-thirds whose muscle development was moderate. 

3. Anosmia was least common in men with poor subcutaneous fat, and most common 
in men with good subcutaneous fat. 

4. There was a clear correlation between antemia and cutaneous and ocular vitamin 
deficiency signs. 

5. In the more malnourished third of the men an increasing hookworm load progres 
sivel}' added to the amount of amemia. but no such correlation could be demonstrated m t le 
better-nourished men. 
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6. Ansemia aud splenomegaly were correlated. 

7. Most of the ansemia was normocytic and normochromic, but there was usually 
evidence suggestive of iron deficiency. Macrocytic anaemias were rare and mild. 


Our thanks are due to the D. 51. S. in India for permission to publish this paper ; to 
5lr. C. K. Dilwali, Statistic Officer (Eesearch), General Headquarters, India, for his advice 
upon statistical methods ; and to Lieut.-Colonel G. 51. Holland, Commanding Ho. 3 Training 
Battalion, Indian Pioneer Corps, and his officers for their help and co-operation. 
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It has long been common knowledge in military circles that men recruited into the 
Indian army undergo a marked physical improvement during the months following enlist- 
ment, but so far as we are aware no published account of the nature and extent of 
this improvement exists. The chief factors likely to produce such an effect are better nutri- 
tion, physical training and control of infectious disease. Of these, improved nutrition is 
probably by far the most important. The average Indian recruit in time of Avar is, as a 
rule, poorly nourished when he enlists, being far more nearly representative of the 
impoverished general population than the relatively few highly selected men recruited in 
peace, and hence is likely to respond to a higher standard of feeding than that which he could 
obtain in his village. It is our impression that physical training, of itself, plays a secondary 
role, for the Indian agriculturalist (who forms the bulk of the army) seems to be in very 
good ‘ training ’ within the limitations imposed by his muscular development, which is often 
very poor. A hygienic environment is probably very important, especially in so far as it 
controls malaria and hookworm infestation, but mere eradication of such diseases is unlikely 
to produce a marked physical improvement unless a nutritious diet is being eonsumed ; and, 
in addition, it is not possible to ensure that every man is immediately cleared of all parasites 
and infections likely to impair physical development. 

In 1944, facilities were obtained to undertake limited studies on men in two recruit 
training centres in North-West India. Such centres presented unusually favourable opportu- 
nities for conducting feeding experiments under more or less controlled conditions. The 
average recruit was then a poor specimen, undersized and with spindly limbs, and showing 
many of the stigmata of specific nutritional deficiencies. One of the present authors 
(A. M. T.) has had considerable experience of examining children and adolescents in Britain, 
and is of the opinion that the majority of these recruits were physically comparable with 
adolescents and young men from the worst slums in that coimtry during the years immediately 
preceding the war. This comparison is believed to be valid except for the relative rarity 
of skeletal deformities among Indians and a few differences in the regional development of 
muscles, reflecting the diSerent occupations in each population. Yet these recruits were 
being transformed into effective troops who were to play a worthy part in subsequent 
canapaigns imder the most arduous conditions. It appeared highly desirable to study the 
beginnings of this process of transformation. 

Many surveys conducted in India (e.g. Wilson and Widdowson, 1942 ; Aykroyd and 
Erishnan, 1937, etc.) show that the average villager subsists at a very low economic level, and 
consumes a diet tending to be deficient in calories and certainly deficient in most of the 
essential nutrients. This state of affairs is reflected in spite of careful selection in the condi- 
tion of recruits volunteering for the expanded army. After enlistment, men are placed on 
the standwd Indian army ration, which is a great improvement on the standards of consump- 
tion in viUages. The actual food consumed by the subjects of our study, together with an 
analysis, _ is shown in Table I. Normally, recruits deemed to be underweight or unusually 
malnourished are given one pound (16 fluid ounces) of milk daily, in addition to rations ; 
it has been considered that this will accelerate gain of weight and clinical improvement. We 
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have examined the effect of such extra milk by comparing two groups of recruits, one on the 
basic ration only, and the other on the same ration plus 16 fluid ounces of milk. The two 
groups were matched as far as possible in respect of physique, nutritional status, race 
religion, environment and military function. Measurements were made of heights, weights 
and a selection of what were considered to be relatively objective clinical signs indicative 
of nutritional deficiencies ; heematological studies were made concurrently by a team of 
specialists. 

Procedure. 

The experiment was conducted in duplicate, in an infantry training centre in Abbottabad 
(Punjabis and Dogras) and an Indian Army Medical Corps depot in Pawalpindi (Punjabi 
ambulance sepoys, ‘ followers ’ from the United Provinces, and Madrasi sweepers). One 
company at each centre was designated the ‘ nutrition company ’, and arrangements were 
made for all men at each place to be fed from a special kitchen, and to be administered and 
trained, so far as possible, as a group. As new recruits arrived they were divided into two 
equal batches by visual matching of pairs for height, build and general physical condition. 
Other variables, such as race, religion and military trade were roughly matched at the same 
time ; it was not possible to limit the groups to narrowly restricted categories and retain 
sufficient numbers. One batch in each centre was earmarked to receive extra milk daily, 
irrespective of the normal grounds for recommending such an issue (the ‘ millr group ’), and 
the other, in which no man received extra milk, formed the ‘ control group ’. Eecruit drafts 
arrived somewhat irregularly, and it was not possible to assemble sufficient numbers to form 
adequately sized groups at one time. Since it was considered important to start making 
observations not more than one week after subjects had arrived at the centre, records had 
to be kept in ‘ staggered ’ fashion, the time interval between serial observations on individuals 
being kept as uniform as possible. The overlap between the first and last intake was of 
the order of 2 months, which is probably immaterial. The whole experiment was carried 
out between August 1944 and February 1945. A certain amount of wastage, through sick- 
ness, desertion, etc., was anticipated, but in the event was greatly underestimated, with 
the result that many desirable sub-groups became too small to have any analytical value and 
had to be either discarded or combined with other similar sub-groups. 

Full records of the food supplied to and cooked in the special kitchens were kept in a 
daily register, and a note was made of the nature and weight of all kitchen and plate-waste 
deposited in swill-bins. Men of the milk group drank their extra milk at an evening para e, 
at which full consumption by the right men was ensured. The quality of milk supplmc 
was checked by irregular sampling and analysis at the local military laboratory. Consump 
tion of food from non-official sources (which is never high among Indian troops) was linu e 
by giving the men only Rs. 3 in cash at each monthly pay day ; the balance was sen 
their homes under unit arrangements. 

Heights were recorded to the nearest half inch, and weights to the nearest half 
The latter were measured on a new lever-type weighing machine specially provided o 
purpose, since unit weighing machines are usually worn and inaccurate. Signs of ma ^ 
tion presented many difficulties which are famihar to all who have atternpted to su 
objectively the nutritional status of groups. A rather extensive list of signs -lt, 

recorded in three grades — ‘ present ’, ‘ absent ’ and ‘ doubtful ’. It was thought 
a single experienced observer (0. P. V.) conducting all examinations a fair degree oi o j 
ivity and maintenance of standards could be attained, and that bias could be ^ . 
eliminated by parading the several hundred subjects randomly and 
without reference to previous findings or experimental group. A trial showed tlia 
an expectation was not justified and that many of the serial observations on a given m _ 
ual did not make sense. Eventually, records were made only of hhe definite pre^^^^ 
or absence of the following conditions. Rough and dry skin ; xerosis conjunctiva; , ^^ 1 ^].. 

stomatitis ; and glossitis (-with Assuring). The records for these signs remained^ 
consistent throughout serial observations. Resources did not permit of biochenuca 
and it was decided for various reasons not to undertake dark-adaptation trials or 
microscopy. It did not prove useful to make notes on the general physical prog 
individuals from the opinions of company officers and physical training instructors. 

( 132 ) 



Table I. 


(a) Oomposilion of basic rations for Indian troops. 


Official scale (daily, per head) aa issued. 

Amount consumed (daily, per head). 

Food. 

Quantity 

02. 

Food. 

Quantity 

02. 

Cereals ... 

... 24-0 

Atta ... 

18-0 



Eice ... 

4-0 

Vegetables andfrwts . — 


• 


Onions, fresh 

2-0 

Onions, fresh 

1-8 

Potatoes, fresh 

4-0 

potatoes, fresh 

3-6 

Dhnls, dried 

... 4-5 

Dhals, dried 

3-75 

Other vegetables, fresh 

... 6-0 

Other vegetables, fresh, e.g. 
turnips, carrots, pumpkin, 
cabbage, gourds, etc. 

brinjals, 4'7 
spinach. 

Fruit, fresh, e.g. mangoes, pears, 
melons, etc. 

guavas, 2'0 

Fruit, fresh 

1-5 

Meat and dairy produce. — 




Meat, fresh, including bone ... 

... 6-0 

Goat flesh 

3-8 

Milk, fresh 

0-0 

Milk, fresh 

6-0 

Ghee ... 

2-75 

Milk ghee 

1-5 



Vegetable ghee 

1-1 

Sugar 

... 2-5 

Sugar 

2-25 

Tea 

... 0-33 

Tea 

0-25 

S.aU ... 

... 0-5 

Salt ... 

0-aO 

Condiments 

... 0-57 

Condiments 

0-50 
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(6) Approximate nutritive value of the daily diet 
as consumed. 

Allowances for destruction of vitamins in cooking 
liave been made. 


Nutrient. 

Control group. 

Milk group. 

Calories ... 

.^,950 


4,250 

Proteins (total) 

UG-0 

g- 

131-0 g. 

Proteins (animal) 

21-0 

»> 

36-0 „ 

Carbohydrates 

621-0 


642-0 „ 

Pats 

112-0 


128-0 

Calcium ... 

0-84 

g- 

00 

Iron 

54-0 

mg. 

65-0 mg. 

Vitamin A 

800 

I.U. 

1,600 I.U. 

Carotene . . . 

1,800 

9 » 

1,800 

Thiamin ... 

3-2 

mg. 

3-4 mg. 

Riboflavin 

1-6 

»» 

2-16 „ 

Nicotinic acid 

29-0 

>> 

30-0 „ 

Vitamin C 

60-0 


60-0 „ 


Hematological studies were made by tbe G.H.Q. Anemia Investigation Team, com- 
manded by Maior M. Hynes, r.a.m.c., tbe results of wbicb have been reported separate 7 
(see p. 119). 

It remains to be stated that there are many administrative and technical difficulties m 
an experiment of this nature, and that we underestimated them when planning tu® . 
The supervisory and clerical labour was very considerable and should have been unn 
by an officer having no other responsibilities, aided by a trained and rehabie subor m 
stafi. So far as we were concerned, this was a counsel of perfection. The close co-opem 
of an expert statistician is invaluable and probably indispensable. (We did not jg 

assistance of C. K. D. until the experiment was completed.) The fact that the 
belonged to several difierent religious, racial and trade categories complicated planmng^^^^ 
the analysis of data to an undesirable degree; it would perhaps have been ° g^ts 

concentrated on a relatively homogeneous group. Experimental and military 
could not be entirely divorced from one another in the routine duties and the ‘ jg 
disposal of subjects, and often conflicted. A vrastage rate of up to 20 per cent of the su j 
over the first 4 months of recruit training should have been allowed for. Finally, t P 
of an experiment of this nature should take into account leave schedules, religious te 
etc., which may cause more or less serious dislocation of the routine. 


Analysis of data. _ 

Weights and heights . — Table II summarizes the height and weight data. ttc 

were excluded from the experiment during the period of observation are not incJude 
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calculations. (The causes of such exclusions were discharge on medical or disciplinary 
grounds, sickness other than of a minor nature, desertion and lea%"e.) 

It will be observed that the average recruit is small and' light, by European standards. 
The Madrasi sweepers and U.P. followers formed what was undoubtedly the worst 
nourished group. 

Effects of the mill- supplement— Increase of weight has been analysed by constructing 
for each subject a growth curve by the method^ of least squares of the type W == A + tB, 
where W is the weight at any stage of the experiment, and B is the mean increase in weight 
per unit of time (' t ’). The mean growth rate of each group was calculated from these growth 
curves. 

Examination of the mean increases of weight as between the milk and control groups 
shows that the former are higher only among the Madrasi sweepers and the Punjabi 
ambulance sepoys. Among other categories the reverse is the case {see Table II). The 
‘ t ’ test indicates that in no category are the differences significant. It must, therefore, 
be concluded that the addition of 16 fluid ounces of milk to the basic diet of these recruits 
did not cause any acceleration of weight gain in the period under observation. 

The same result was obtained in respect of height increases. Of 485 subjects whose 
height records are available, only 114 showed a measurable gain. These 114 cases are distri- 
buted equally between the milk and control groups, as revealed by the ;t-square test. 


Table II. 

Mean heights and loeights at enlistment, and mean increases in weight and the standard 
deviations of the variates on which the means are calculated. 


Class category and period of 
observation (weeks). 

Slilk or control Number of 
group. subjects. 

Mean initial 
height 
(inches). 

Mean initial 
weight 
(lb.). 

Mean increase 
of weight 
(Ib./week), 


f M 

13 

65-6±2-15 

n5-04:7-37 

0-444-0-26 

Infantry (Dogras) (20 weeks) ... i 


t c 

17 

66-0±2-81 

110-0±15'02 

0-47±0-26 


( M 

57 

65-0-1-1-86 

105-24-12-29 

0-474-0-2.3 

Infantry (Punjabis) (20 weeks) ^ 


1 C 

38 

65-3±2-22 

104-5i 10-02 

0-48±0-27 

lAMC (Punjabi ambulance 

I 

36 

65'0i2-40 

n4-3± 9-4.5 

0-41 ±0-20 

sepoys) (18 weeks). 

[ c 

41 

64-0±l-90 

H6-8±ll-00 

0-29±0-31 

lAMC (U.P. followers) (16 weeks) 

{ ” 

26 

62-6 ±2-44 

105-9i 9-51 

0-27±0-3l 


1 c 

29 

C2-S±1-G4 

105-0± 8-34 

0-33±0-27 

lAJIC (Madrasi sweepers) 

f M 

13 

63-l±2-79 

103-1± 9-12 

0-494-0-27 

<18 weeks)* 1 « 


1 

IV 

62-4±2'72 

9S-6±12-98 

0-48±0-18 


Tsature of iU increase in weight.— Graphs 1 and 2 present mean cimres for the various 
categones of recruits ; men below and above 100 lb. initial weight respectively have been 
separated The weight mcrease tends to be greatest in the weeks immediately foUowing 
enlistment ^though the rate of increase slows down with the passage of time there is no 
indication that the maximum potential weight has been attained idthin 16 to 20 weeks 

No steikmg differences in rate of mcrease between the lighter and heainer men are evident 
which is confirmed on making ‘ t ’ tests. eviaenr, 
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Graph 1. 

Increase of weight for recruits initially above and below 100 lb. in dijferent categories. 
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Legend : Recruits below 100 lb. initial weight 
» above ,9 ,, ,• 






Graph 2. 



Table III separates subjects of all categories according to age, and shows the mean 
increase of weight in the difierent age groups. The mean growth rate of the 21 to 25 age 
group does not differ significantly from the growth rates for the other two age groups. 
But the growth rate for the age group of ‘ 20 years or less ’ differs from the growth rate 
of ‘ 26 years or more ' at a doubtful level of significance (2 per cent) as revealed by the ' t ’ 
test. Although the mean increase becomes less as age advances, yet men over 25 years of 
age, among whom normal growth might be expected to bave ceased, nevertheless gain weight 
under army conditions almost as much as adolescents do. It may, therefore, be concluded 
that the greater part of the increase is due to environmental factors, of which improved 
nutrition is likely to be the most important. (It should be noted that there is rarely any 
precise method of knowing the real age of recruits, who themselves are usually very uncertain 
on the subject. In practice, we checked the man’s statement at the first examination against 
his ‘ official ’ age, as it appeared on his enrolment form, and at the same time made 
an independent estimate. If there was any apparent disagreement — ^which was frequently 
the case— the_ man was questioned further and a ‘ probable age ’ recorded for the purposes 
of this investigation. A tabulation of all the probable ages in the form of a frequency 
distribution shows marked peaks at 18, 22, 25 and 30 years. Eighteen years is the official 
niimmum age for enlistment, but several of our subjects appeared to be younger.) 

Table III. 


Weight increase in relation to age. 


-Age group. 

Number of 

Mean increase of 

years. 

subjects. 

weight (Ib./week). 

20 or less 

210 

0-425 

21 to 25 

... 5o 

0-3S9 

26 or morp 

2*2 

0-274 
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Table IV shows the correlation coefBcients between initial weight and mean increase 
in weight for the different categories. All are negative except one, and all do not diff er 
significantly from zero. Thus one may conclude that initial w'eight, fer se, has no significant 
infiuence over weight increas'e. 

Table IV. 


Correhtion between initial ioeight and increase 
in weight. 


Category. 

Number of 
subjects. 

Correlation 

coefficient. 

Infantry (Dogras) ... 

30 

-0-06 

Infantry (Punjabis) 

95 

-0-06 

Punjabi ambulance sepoys 

77 

-0-16 

U.P. followers 

65 

-O'lO 

Madrasi sweepers ... 

30 

+0-32 


Clinical progress. — ^Table V summarizes the findings in respect of those clinical signs 
for which the serial records showed a consistent standard of judgment. It shows that the 
signs were present to a more or less equal extent among the milk and control groups respect- 
ively at the beginning of the experiment, and that the incidence declined during the course 
of feeding. The x-square test indicates that this decline was not significantly^ different 
as between the milk and control groups. The angular stomatitis cases, although improved, 
did not clear up completely either on milk or control diet during the course of experiment, 
as the riboflavin content of both diets is rather low for therapeutic purposes [see Table I (6)]. 
It usually takes up to 8 months for these cases to clear up completely when subsisting 
on the army diet. 

Table V. 


Incideme of specific clinical signs, before and after feeding. 




Milk group (217 men). 

Control group (223 men). 

Sign. 


r- 

Number with 
sign definitely 
present. 

\ 

Per cent. 

Number with 
sign definitely 
present. 

Per cent. 


f Before 

93 

43 

102 

46 

Bough and dry skin 

[ After 

10 

7 

27 

12 

Xerosis eonjnnctivce - 

before 

13 

6 

17 

8 

5 

^ After 

7 

3 

1 1 

( Before 

Angular stomatitis 

[ After 

17 

8 

18 

8 

17 

8 

16 

7 

Glossitis (fissured 

■ Before 

15 

7 

20 

9 

tongue). 

_ After 

s 

4 


6 


i 



The attempt to obtain a pictnre of the clinical improvement by means of such ' objective ’ 
methods has. in our opinion, failed. Table V does not give an adequate impression of the 
great changes manifest to ordinary clinical judgment, subjective though the latter may be. 
On enlistment most of these men presented a typical picture of generalized undernutrition, 
with many specific signs of malnutrition superadded. After 4 months in the army they 
were beginning to put on muscle, to carry themselves with more alertness, and to show the 
stigmata of malnutrition in a much less advanced degree, or in less typical form. We know, 
from other observations on recruits, that this improvement continues under suitable 
conditions for at least a year, and that at the end of that time erstwhile recruits 
have become healthy-Iooking and reliable soldiers. This is not to say that all the results 
of malnutrition during childhood and adolescence are wiped out, but the change is 
nevertheless remarkable. 

We also believe that the extra nulk did have an appreciable beneficial effect, in spite 
of lack of support from Table V. This effect manifested itself particularly in an improvement 
of skin texture, as a general increase in smoothness and elasticity, and as a diminution of 
pigmented thickening commonly found around pressure points. With the diets used the 
changes are slow, and vary in different individuals ; the addition of milk to the basic diet 
appears to make them more rapid and more common. At the conclusion of our experiment, 
one of the authors (who had never examined individuals in association with their records, 
or in other circumstances which might have influenced his judgment) endeavoured to deduce 
which of a mixed batch of about 50 men had received extra roilk, and which has not, from 
the condition of their skins. He selected 12 men who were considered to have received the 
milk, and a simila r number who were thought to have received none ; the remainder were 
classified as doubtful. Reference to the records showed that all men in the first group were 
in fact in the milk group ; of the ‘ negative ’ group, about half the men had been wrongly 
allocated. This observation, though inconclusive, is considered to support the common 
opinion among medical officers in India that milk is a peculiarly valuable food for increasing 
the nutritional well-being of recruits.* 

As already stated, the hsematological data obtained by the G.H.Q. Anasmia Investiga- 
tion Team have been reported separately by Major Hynes, b.a.m.c. Por the sake of 
completeness, it may be mentioned here that mild hypoclmomic anasmia was not 
uncommon at the time of enlistment, and slowljr decreased during the first few months of 
recruit training without the exhibition of anthelmintics or haematinics. The rate of improve- 
ment could be greatly accelerated by giving ferrous sulphate in daily doses. The extra milk 
had no accelerating effect. The presence and degree of anaemia could not be attributed 
entirely to the effects of hookworm infestation though this is undoubtedly an important 
factor, and a routine de-worming procedure appeared to have little practical importance. 
The anasmia (and possibly also the hookworm) would probably disappear in time under the 
ordinary nutritional and general conditions of a recruit’s Kfe, but iron, given as a medicine, 
is the remedy of choice. The blood of a wellnourished Inffian soldier should conform to 
the optimum haematological standards for western troops, but it is possible that a semi- 
vegetarian diet does not provide optimum conditions for haemopoiesis. This point is being 
investigated in another feeding experiment. 

Discussion. 

The weight of a recruit, in relation to the average for his race, is perhaps the 
most important single expression of his potentialities'as a soldier. Thus, recruiting standards 
prescribe minimum weights for enlistment, and the weight of individual recruits is remilarly 


* One of the present anthers (A. M. T.) has ^served a etriJang instance of the special value of milk in treating 
^vere nndemntntion. _ While visiting (irith Dr. W. R. Aykroyd) several orphanages and reception camps in rural 
Bengal dnrmg the famme of 1943. he saw many children who had been admitted in the most advanced stales of 
starvation. Dehydration undoubtedly contributed towards the very marked dullness drvness and 
elasticity of their skins, but such a condition, perhaps in a lesser degree, is commo™nk Sr lndfan cMdrf 

quite apart from starvation. After as Uttle as 3 or 4 weeks, during wW they had bee“K aTet £edS? 

these same children underwent .a change almost miraculous in its extent Thev became reTntinoln , 

^ •’'S’* and liveliness rarely observed amoig thl^pSw^lS 
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recorded throughout recruit training by the supervisory staffs. (We did not use the results 
of these routine measurements since they seldom conform to a high standard of accuracy.) 
The demand for man-power during the war necessitated a progressive reduction in the 
minimum weight standards (e.g. from 120 lb. in 1939 to 110 lb. in 1945, for Punjabi 
Muslims), and in addition it was permissible for recruiting officers to enrol men up to 5 lb. 
underweight ‘ provided that, in the opinion of the enrolling officer, the recruit is likely to 
attain the minimum regulation weight within 3 months of the date of enrolment ’. Extra 
milk might be prescribed for underweight or undernourished recruits ))y unit medical 
officers. 

Our findings indicate that the average war-time recruit can be relied on to gain 5 to 
10 lb. of weight (representing about 5 to 10 per cent of his initial weight) within about 4 months 
of enlistment, and that this gain continues at a diminishing rate after that period. It appears 
to take place without much reference to age or initial weight, and is not influenced by giving 
16 fluid ounces of milk in addition to the normal ration. 

The effects of army life on health and well-being are generally striking to ordinary 
clinical observation. Many signs attributed to malnutrition regress or become modified in 
most cases within 4 months ; others persist in relatively unchanged form. In our experience, 
a crude record of the presence or absence of such signs in a group of recruits does not provide 
an accurate index: of nutritional progress, at all events within a relatively short period of 
observation. The prescription of extra milli: is believed to accelerate clinical improvement. 
It is to be hoped that an experiment of this nature will be repeated with biochemical and 
other ancillary methods of measuring nutritional status. At present we are unahle to 
express an opinion whether such methods will yield data accurately reflecting the subjec- 
tive improvement. Meanwhile, it is considered that observation of skin texture forms the 
best single means of assessing nutritional status available to the ordinary clinical observer. 

The basic diet which was given to these recruits is probably the most nutritious which 
has ever been fed to large numbers of adult Indian peasants who had never previously been 
subjected to planned feeding, and in our opinion it justifies the expense and organization 
needed to provide it. It cannot be considered an ‘ optimum ’ diet, being relatively deficient 
in vitamin A and in riboflavin, by the highest standards. It is possible, also, that it should 
contain a higher proportion of animal protein, though it remains to be seen whether the 
benefits commonly attributed to animal protein by physicians are not, in part, exercised by 
the other constituents of meat, inilk, etc. Nevertheless, such a diet, whether optimal or 
sub-optimal, produces very striking effects on men who have practically ceased growing, and 
even greater benefits might be recorded were a similarly nutritious diet fed to Indian 
children of the peasant classes. 

Our experience in this feeding experiment has led us strongly to the opinion that a diet 
conforming in all respects to the highest nutritional standards can be made a practical 
proposition so far as Indian food habits are concerned. It is too often claimed that the 
multifarious dietetic scruples of caste Indians, and the heavy weight of a long tradition, will 
prevent any effectual approach to the problem. We have found that men brought straight 
from their villages can be trained fairly rapidly, and with little discontent, to accept a diet 
differing considerably from their traditional fare. No ill effects have been observed from 
enforcing such changes as consumption of atta by habitual rice-eaters, and vice versa. 
Above all, it is our belief that the inculcation of necessary changes in dietary habits is worth 
the effort and cost, in that it increases capacity for work under arduous conditions in 
accordance with the theories of those who, for many years, have advocated diets conforming 
to physiological requirements. 

Finally, the conditions of recruit training in Indian army regimental centres present 
unique facilities for feeding trials of the kind described in this paper. The administrative 
and technical difficulties are considerable, but if they are satisfactorily pvercome, data of a 
very useful land may be obtained. 

SuMjMAEY. 

1. An experimental dietary survey and feeding experiment was carried out at 
Indian army recruit training centres during 1944, over a period of 16 to 20 weeks. The 
methods used are described. 
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2, A nutritious diet (tlie standard Indian army ration), fed to men of the Indian 
peasant classes, mainly aged about 20 years, caused a gain in weight amounting to about 5 
to 10 per cent of their initial weight within 3 to 4 months. There was also a marked clinical 
improvement which, however, was not acciOrately reflected in a record of the incidence of 
certain specific signs attributed to chronic malnutrition. 

3. The addition of 16 fluid ounces of milk to the basic diet did not cause any increase 
in the gain of weight, but is believed to have accelerated clinical improvement. The latter 
was manifested particularly in an improvement of skin texture. 

We wish to thank the D. M. S. in India for permission to carry out this work and 
publish this paper, and many other officers for much encouragement and assistance. Space 
forbids us to mention all the latter by name, but we would thank, in particular, Major- 
General H. J. M. Cursetjee, c.s.i., n.s.o., k.h.s., lateD.D.M.S., North-Western Army ; Brigadier 
B. Harris, c.b.b., m.c., late Deputy Director of Hygiene and Pathology, General Headquarters, 
India-, Colonel J. R. Dogra, i.M.s., Commandant, No. 1 Training Depot Centre, I.A.M.C. ; 
Colonel L. James, Commandant, 13th Frontier Force Regimental Depot, and Dr. W. R. 
Aykroyd, c.e.e., sc.d., m.d.. Honorary Consultant in Nutrition, General Headquarters, 
India. 
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Introduction. 

With tlie outbreak of famine in Bengal in the autumn of 194S, Calcutta and its suburbs 
were flooded with sick destitutes, who arrived in large numbers in search of food. Some of 
them, as a result of prolonged starvation, were unable to digest even the ordinary gruel, 
distributed from tlie various free kitchens and feeding centres established for this purpose. 
Arrangements for their admission into a special ward of the Carmichael Hospital for Tropical 
Diseases were made and biochemical and other studies were started before any treatment 
was given to them. Materials have also been collected from other destitute camps in 
Calcutta. Most of these patients were found to be suffering from intercurrent diseases 
such as malaria, dysentery, pneumonia, anaemia, etc. 

Our investigation included the determination of the chemical constituents of their 
blood and urine. The study of carbohydrate metabolism and of the serum protein was 
also done in most of the cases. 


I. Biochemical constituents op blood. 


The results of our biochemical findings are recorded in the accompanying graphs, a 
careful analysis of which gives the following main findings : — 

(а) Blood sugar (Hagedorn and Jensen, 1923). In the majority of the cases (70 per 

cent) the fasting level was definitely below the average normal, the lowest figure 
being O’ 04 per cent (Graph 1). None of the cases, however, showed any out- 
ward symptoms of hypoglycaemia. 

(б) Non-protein nitrogen (micro-Kjeldahl method) was high in the majority of the 

cases (Graph 2). 

(c) Urea nitrogen (urease and Nesslerization method) was also high (Graph 3). 

■ (d) Creatinine (Folin and Wu, 1919) content was found to be within normal limits 
(Graph 4). 

(e) Uric acid (Benedict, 1922) was found to be high (Graph 5). 

(/) Cholesterol (Bloor, 1922) was low, sometimes very low (Graph 6). 
ig) Lipoid (P) (Chopra and Roy, 1936) was found to be normal in the majority of the 
cases. But in some instances, exceptionally high figures were obtained 
(Graph 7). 

{h) Plasma cUoride (van Slyke, 1923) was found to be either normal or slightly 
lower than normal. A high chloride value was obtained only in a very small 
percentage of the cases (Graph 8). ^ 
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(^) Serum calcium (Clark and Collip, 1925) was found to be persistently low in almost 
all the cases (Graph 9). 

II. Examination op ukine. 

Urine was examined for sugar, albumin, urea and chlorides. In spite of the fact that 
the carbohydrate tolerance in most of the cases was found to be lowered, sometimes to a 
marked degree, glycosuria was absent. Albumin was found only in traces in most of the 
cases, no casts or red blood cells being seen microscopically. In a few cases, however, a 
marked reaction for albumin was obtained and in these erjd;hrocytes and casts were also 
found. None of the urine samples showed the presence of acetone bodies. 

Urine urea (hypobromite method) -was low. The total number of cases examined was 
40 and the total excretion in 24 hours varied from 0‘4 g. to 0’7 g. 

Urine chloride (van Slyke, loc. cil.) was low (Graph 10). It should, however, be noted 
that low chloride excretion did not affect the plasma chloride to any appreciable degree. 

III. Investigation op carbohydrate metabolism. 

Cases were divided into two groups according to the clinical ■ condition- as stated 
below : — 

Group A : This group included cases of starvation who were usually found to be 
emaciated, sometimes to an extreme degree. These were generally of the ‘ dry ’ type, i.e. 
having no signs of oedema. Their histories revealed that the real period of starvation 
had started about 3 to 4 weeks earlier. Some of these were cases of ‘ acute ’ starvation, 
i.e. they had been practically without food during the period, while in others, living on 
public charity, the intake of food was uncertain. The incidence of complications in this 
group of cases was usually low, only a few cases having malaria and diarrhcea. 

Group B : This group included the ‘ wet ’ cases, i.e. those with oedema. These were 
cases of chronic malnutrition due to starvation for prolonged periods. Their histones 
revealed that owing to poverty they were already on an insufficient diet prior to actual 
starvation ; when, however, the food shortage became very acute they became indiscriminate 
as regards food intake and did not hesitate to eat even garbage from the streets. This might 
have continued for a period varying from six weeks to three months. These cases were found 
to have widespread oedema sometimes with marked ascites. Most of these subjects were 
suffering from intercurrent diseases, such as pneumonia, malaria, dysentery and anaemia- 
There were some cases of acute nephritis, tuberculosis, etc., amongst the destitutes admitted 
to hospital, but these were excluded from our present study. 

Glucose tolerance test by the oral method . — Fifty grammes of glucose were given to the 
patients, but wffien this dose did not produce any change in the blood-sugar level after 3 hours, 
as happened in the group B cases, the test was repeated by giving 100 g.’of glucose, ihis 
second test was found to give almost identical results. 

Table I shows the results of glucose tolerance tests in a few patients of the B group to 
whom both 50 g. and 100 g. of glucose w^ere administered at an interval of two days. 

Group A eases. 

The total number of cases investigated %vas 49. From the analysis of the results four 
types of curves as shown in Graph 11 -vv'ere obtained. Only the average value in each typ 
has been given. 

Interprclalion of the results : 

Type I {Graph 11). — This is more or less a normal type of blood-sugar curve in 
initial blood-sugar level was ivithin normal limits and the maximum rise took place wi 
one hour after the glucose meal, the rise being w^ell within the renal threshold level, • 

of blood sugar thereafter to the normal level took place wdthin two hours. No glycos 
occurred. 
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Table I. 


Dose of 
Number glucose 

of cases. administered, 

g- 



Blood sdoab. 



Before 

glucose. 

4 hour 
after. 

1 hour 
after. 

14 hours 
after. 

2 hours 
after. 

3 hours 
after. 

, J 

50 

60 

65 

66 

66 

50 ■ 

46 

‘ 1 

100 

63 

65 

05 

65 

53 

45 

{ 

.no 

62 

6S 

68 

60 

56 

50 

i 

• 

100 

04 

66 

07 

62 

.58 

47 

{ 

50 

65 

6.5 

6*0 

63 

55 

48 

i 

100 

65 

66 

65 

63 

54 

54 


50 

70 

72 

73 

72 

76 

78 

4 i 








- 1 

100 

71 

72 

72 

72 

75 

79 

. f 

60 

68 

70 

74 

72 

75 

76 

\ 

100 

66 

69 

70 

70 

73 

77 

» ( 

sa 

69 

70 

73 

72 

73 

74 

i 

100 

08 

70 

73 

73 

75 

76 

f 

60 

64 

68 

70 

70 

74 

76 

7 i 








1 

100 

64 

68 

•70 

72 

• 74 

74 


Type 11 (Graph 11). — ^The fasting level of blood sngar was much lower than norinal. 
After glucose ingestion, tbe blood sugar rose slowly and the rise continued till the end of 
three hours, there being no tendency to come back to the initial level. This continued 
upward rise in the blood-sugar curve indicates definite delay .in carbohydrate assimilation, 
No glycosuria occurred. 

Type III (Graph 11), — ^The fasting level of blood sugar was normal as in type I, but the 
maximum rise of blood sugar after the glucose meal took place after one hour and it crossed 
the renal threshold level. The rate of fall of blood sugar thereafter was much slower and the 
return towards the initial level was much delayed. No glycosuria was present, showing that 
the renal threshold was higher than norinal. This type of curve suggests a definite defect in 
carbohydrate assimilation and is similar to the curve usually obtained in cases of mild 
diabetes. 

Type IV (Graph 11).— -This is a peculiar type of curve. The fasting level of blood 
sugar was much below normal The hyperglycsemic response to the ingestion of glucose 
was extremely abnormal The blood sugar went much beyond the threshold liinit and 
the rise continued for an abnormally long period. Glycosuria was observed in some 
cases. The nature of the blood-sugar curves suggests marked defect in carbohydrate 
utmzation. 
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Group B cases. 

The total mimber of cases investigated was 28. From the analysis of the results in this 
group, two main types of curves were obtained. Only the average value in each type has 
been given. The results are plotted in Graph 12. 

Interpretation of tM results : 

In both types, the results were more or less of the same nature, viz. that : — 

(а) The initial (fasting) level of blood sugar was low. 

(б) The ingestion of 50 (or even 100) g. of glucose had little or no effect on the blood- 
sugar level even up to the end of three hours. In type II, however, there was a distinct 
tendency for the blood sugar to come down even below the initial level at the end of the 
second and third hours. The drop in blood sugar to such a low level as 45 mg. per cent 
after glucose ingestion is noteworthy. 

A comparison of the above results shows that the type of blood-sugar curve were quite 
different in the two groups. The group B cases definitely show that there is practically no 
rise of the blood sugar even after the inge.stion of 100 g. of glucose (Table I). In order to 
find out whether this peculiarity in the blood-sugar curves in this group of cases was due to 
defect in absorption or otherwise, glucose was given intravenously and the behaviour of the 
blood sugar studied every 15 minutes for one hour. 

Glucose tolerance test hy intravenous method [group B cases). — Glucose was administered 
intravenously in the proportion of 0‘2 g. per kg. of the body-weight*. An analysis 
of the results revealed two -distinct t}'pes of curves (Graph 13). It should be pointed 
out that these two types have no correlation with the two types of curves shown in 
Graph 12. 

Interpretation of the results : 

Type I [Graph 13). — The initial blood-sugar level wms low but the blood-supr ciuve 
after the intravenous glucose behaved almost like normal. Glycosuria was absent in all the 
cases. 


Type II [Graph 13). — In this type the initial blood-sugar level was also low but the 
maximum rise of blood sugar after intravenous glucose was abnormally high (325 mg. per 
cent as against 190 mg. per cent in the previous type). The blood -sugar level one now 
after glucose injection was still at a much higher level than before the test. Glycosuria m 
varying degrees was present in almost all the cases. 

It will thus be seen that, though there was defective absorption in all the cases of group 
B, the carbohydrate utilization, as evidenced by the intravenous glucose method, was norinn 
in some cases and markedly defective in others. 


Investigation of serum protein. 

On account of the difference of opinion regarding the normal levels of total serum prot^ 
albumin and globulin in Indian subjects we did a preliminary investigation on 20 hea y 
normal Indians. The serum protein content was estimated according to the micro-me 
described by How^e (1921). Our result showed that the average normal value of Ijjj 

protein of the Indians was 6'7 per cent, that of serum albumin 4'5 per cent and of gm ^ 
2'2 per cent. These figures (Graph 14) do not differ materially from those obtained m o 
countries. 

The investigation of serum protein was carried out on the same plan as was 
in the case of carbohydrate metabolism. The cases were, as before, divided into tw'O gr i 
A and B, the results obtained in each group being tabulated separately. 

♦ In normal hoalthy individuals after intravenous administration of glucose (0’2 g. per kg.) I!*,*’- j to ^20 
rises from the initial normal level ( 0-100 per cent) to an average level of 200 per cent wittun 
minutes. The blood sugar then comes doivn and reaches the normal or pre-glucose level ■within one non 



Grotip A cases. 

The total number investigated under this head was 50. From a careful and critica 
analysis of the findings in this group, four main types of results were obtained. Only the 
average value in each type has been given. The results are plotted in Graph 14. 

Interpretation of the results : 

(?) The total plasma protein was only slightly lower than the average normal in 
the first three types, but was definitely low in type IV. 

{ii) The albumin fraction was somewhat low in types I and II, and much reduced 
in types III and IV. 

(to) The globulin fraction showed either normal or 'increased value. 

(fa) The normal albumin ; globulin ratio of 2 : 1 was altered in all types. 


' Group B eases. 

The total number of cases investigated under this head was 35. From an analysis of 
the results four types were differentiated (Graph 15). Only the average value in each type 
has been given. 

Interpretation of the results : 

(f) There is a more or less marked fall in the total protein in all t)^es except type I. 

{ii) The albumin fraction is markedly diminished in all types, the lo-west figure 
being obtained in type IV. 

{Hi) The globulin fraction is normal in type III, moderately increased in types II 
and IV and markedly increased in type I. 

{iv) The albumin : globulin ratio is reversed, particularly in types I and IV. 

Discussiokt. 

Carbohydrate metabolism. — Our results show that : — 

(f) The blood sugar in the majority of the starvation cases was lower than the 
average normal. 

(ff) Two distinct types of sugar tolerance curves were obtained from the two groups 
of cases of starvation. 

In group A, the majority of the cases showed defective carbohydrate tolerance and the 
blood-sugar curves resembled those seen in cases of diabetes of varying degrees of severity. 
A detailed inquiry into the cause of this variation in the degree of defect in the carbohydrate 
utilization of these people revealed that this depended mainly on the degree of starvation ; 
those undergoing short but not acute starvation showed either normal or sh’ghtly defective 
carbohydrate tolerance, whereas those undergoing short and acute starvation gave results 
resembling those seen in cases of diabetes of moderate or even severe degree. 

The group B cases, on the other hand, gave an entirely different type of results. Here 
the ingestion of even 100 g. of glucose made no impression on the blood-sugar level at all. 
In a few cases in this group, it was found that the blood sugar, after the glucose meal, showed 
an even further decrease below the initial level at the end of the second and third hours. 
The reason for this peculiar behaviour of blood sugar after the glucose meal is not clear 
though we have obtained similar results in anaemia and sprue. 

The intravenous glucose tolerance test, however, suggested that the failure of the blood 
sugar to rise after the glucose meal was due to impaired absorption, some of them showed 
normal -utilization of glucose. Others, however, showed defective glucose utilization some- 
times to a marked degree. ’ 
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It is suggested that malnutrition due to starvation may lead to a condition of the 
alimentary canal where the power of absorption even of glucose' may be partially or even 
completely lost. > 

It is evident that starvation reduces the blood-sugar level and causes a definite 
impairment of the glucose-utilization power of the individual. The effect of starvation on 
the blood-sugar level was studied by Morgulis and Edwards (1924) in animals and Shope 
(1927) and Lennox, O’Conner and Bellinger (1928) in human subjects. They all found 
definite lowering of the blood-sugar level in starvation. E educed ability for glucose utiliza- 
tion in starvation in animals was observed by Lehmann (1874) and Hofmeister (1890). Shope 
(loe. cit.) made similar observations on human subjects. Himsworth (1935) showed that low 
carbohydrate diet reduces the sugar tolerance. 

(' ' The reason for lowered carbohydrate tolerance in cases of starvation is not fully under- 
stood. Chambers (1938) has suggested that this may be due to defective oxidation 
' in the tissues. Dann and Chambers (1932) have observed that the loss of ability to use glucose 
is possibly due to the fact that glyconeogenesis has been going on intensively, the newly 
formed glycogen being at once converted into glucose, the. usage of which is reduced. It 
has been suggested by some workers that the liberation of insulin is depressed. Eiinswortli 
(loo. cit.), however, is of opinion that sensitivity to insulin is involved rather than the 
diminution of the pancreatic output. 


Serum protein . — The total serum-protein content was found to be low in varying degrees 
in all cases of starvation. In group A (emaciated cases) the loss of total protein was not so 
marked except in children, but there was a fair reduction in the albumin fraction and _an 
increase in the globulin fraction. In group B (cedematous cases of chronic malnutrition 
due to long starvation) the loss of total protein in the majority of the cases was more marked 
and in some of these extremely low values were obtained. The albumin fraction was 
markedly low'- whereas the globulin fraction was high. 

The fall in serum protein does not, however, represent a uniform and proportionate 
decrease of its two constituents (albumin and globulin) and herein lies the importance of 
our findings. A critical survey of our results clearly shows that the albumin fraction of 
the protein is more or less markedly decreased in most cases, more particularly^ in the cases 
of B group, whereas the globulin fraction was either normal or markedly increased.^ It 
is thus evident that the decrease in the total protein content of the blood was due entirely 
to the diminution of the albumin fraction. 


The fact that the albumin fraction of the serum is decreased while'the globulin fraction 
either remains normal or is increased results in a serious alteration of the normal 2 : 1 
albumin ; globulin ratio. In some of the group B cases where the albumin fraction wits 
markedly decreased and the globulin fraction markedly increased there was a re-versal of tnc 
albumin : globulin ratio. Weech (1936) also noted alteration in the blood albumin .' glohiilm 
ratio to 2 : 2 instead of the normal 4:2. 


(Edema, as has already been stated, was an associated factor in the group B cases, t e 
main reason being the marked decrease in the albumin content of the blood. (Edema among 
the inhabitants of famine-afflicted areas was studied in Europe during the last Great n 
Knack and Neuman (1917), and Bruckman, d’Esope and Peters (1930) observed a low )e)e 
of plasma protein due to lowering of the albumin content in persons suffering from famine 
cedema as well as in malnutrition oedema. 

In the majority of group A cases, the globulin content of the blood was within 
limits, the only exception being in type III cases in which it was definitely high. Ines 
cases were suffering from complications particularly malaria and dysentery. 

Group B cases however show some interesting results. In type I the globulin conten^- 
was very high in all cases having kala-azar. In type II the globulin content was also 
(being about one-and-a-half times the albumin content) and these showed complications 
some form or other, such as malaria, dysentery, etc. 

Apart from severe oedema and ascites no evidence of any intercurrent disease co 
be elicited in type IV cases. 
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Thus, ekcept in the 4 cases of type IV, all the cases having a high globulin content 
had evidence of some form of intercurrent diseases. Similar observations have also been 
made by Rowe (1916) and Sia (1921) who observed an increase in the serum globulin in 
infectious conditions. Bruckman ct al. {lor., cit.) also demonstrated increased serum 
globulin in cases of malnutrition associated with infection while albumin was extremely 
low. 

Although the division of the cases into groups A and B was originally made on the 
history and the physical findings on admission (prior to the commencement of the bio- 
chemical investigations), the subsequent laboratory findings corroborated the clinical classi- 
fication. The difference between the two groups, particularly with regard to carbohydrate 
metabolism and serum-protein content, was so remarkably clear cut that the results of 
biochemical tests could be predicted. 

It has not been possible from our results to correlate any particular type of the augar- 
tolerance curve with any definite type of the serum-protein content values. 

.Summary and conclusion. 

1. Prolonged starvation lowers the blood-sugar level. In some cases figures as low as 
0‘040 per cent were observed. 

2. In certain groups of starvation cases marked lowering of carbohydrate tolerance 
was observed while in other groups absorption of glucose from the alimentary tract was 
found to be well below normal. 

3. The total serum-protein content of the blood in starvation cases vas found to 
be universally low. This affected the albumin fraction only. In cases with marked 
oedema the fall in the albumin (as also in the total protein) was sometimes of an extreme 
degree. 

4. The globulin content of the blood was not decreased but was normal or increased. 
This was particularly obvious in cases with concurrent infection as in the oedema cases. 

6. The albumin ; globulin ratio was markedly altered. Sometimes, in extreme cases, 
a reversal of the normal ratio was obtained. 

6. Non-protein nitrogen and uric acid were high in the majority of cases. The 
phospho-lipoid content was found to be exceptionally high in some cases. The cholesterol 
and the calcium content was found to be low in the majority of the cases. 

7. Chloride and urea excretion in the urine was low in almost all cases. 

The authors take this opportunity of thanking the other workers of the laboratory 
more particularly Mr. P. B. Sen, Mr. P. K. Pal and Mr. S. K. Ghosh for the keen co- 
operation and help in carrying out this work. 
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» 

Amino-acids in culture media undergo various types of breakdown as tbe result of 
bacterial metabolism. These breakdown processes are due chiefly to de-amination or 
decarboxylation or both. Various diagnostic tests in bacteriology are based on the 
presence or absence of a particular end-product in the culture medium after bacterial 
growth. The production of ‘ cholera-red ’ reaction in the culture medium is one such 
test used for the identification of V. cholerce. It is now knowm that this reaction is 
not specific for F. cholerce as other vibrios also give this reaction. The absence of any 
positive reaction is, however, an important finding. This reaction is due to the 
presence of a nitroso derivative either of indole or of a compound containing indole 
ring derived from tr5T5tophan and nitrate present originally in the culture inedium 
(Hewlett, 1901). It is, however, common experience that a positive reaction is not 
always obtained with V. cholerce even when the medium is known to contain tryptophan 
and a nitrate. Up till now not much is known about the ‘ cholera-red ’ reaction except 
that the presence of some carbohydrate inhibits the reaction. Still less is known about 
the mechanism of inhibition by various reagents that might be present in culture media 
and in what respect a medium giving a positive reaction differs from another, which fails 
to give a positive reaction. 

The inhibitory effect of glucpse may be due either to its reducing property, whereby 
the course of breakdown of tryptd^an is diverted from the direction necessary for positive 
reaction ox to a complex formation between tryptophan and glucose (Homer, 1916). This 
complex may not be easily attacked by the orgam’sm and thereby tryptophan may 
be spared from breakdown. The influence of glucose in inducing an anserobic or reducing 
environment in a culture medium is well known. If this particular property of glucose be 
the cause of negative ‘ cholera-red ’ reaction, then it is natural to expect that other reducing 
agents, which are common in any meat extract or peptone, will also play a similar role. 
Oxidizing agents should overcome this inhibition. The present work was undertaken to 
study the above aspects experimentally and to investigate the chemistry of the ‘ cholera-red ’ 
reaction more fully than has hitherto been done. 


Experiment.\i.. 

One per cent bacto-peptone solutions containing 0'5 per cent sodium chloride and 
different anmuuts of glucose were prepared. The minimum amount of glucose that 
jMibits positive cholera-red ’ reaction in IS-hour culture was determined. Separately, 
the maximum amount of a few oxidizing and reducing agents that will not stop the reaction 
III 1 per cent bacto-peptone medium were determined. The important reducing agents 
present m meat extract or in any commercial peptone include cysteine and glutathione 
(reduced). ^ As these are capable of reversible oxidation-reduction change, their concentra- 
tion IS an important feature in determining the environment which the medium provides for 
the growth of bacteria. Cysteine is taken as representing tliis type of agent'. These 
oxidizing and reducing agents were added in different amounts to the bacto-peptone solution 
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and the ‘ cholera-red ’ reaction was tested after 18-hour growth of V. cholerce. Eesiilts are 
recorded in Table I : — 

Table I. 


Reagents. 


Concentration of various reagents in mg. per 100 c.c. 


10 

6 

2-5 

1-5 

1*25 

1-0 

0-6 

0-25 

Glucose 


-1- 

-h 

-1- 

+ 

+ 

+ 

+ 

Sodium nitrate, NaNOa 

— 

— 

. — 

— 

— 

— 

-b 

+ 

Copper sulphate, CuSO^.fiHjO 

— 

+ 

+ 

+ 

+ 

-b 

-b 

+ 

Potassium ferrioyanide, K 3 Fe(GN), 

— 

— 

— 


-h 

-b 

+ 

+ 

Potassium ferrocyanide, K. 4 Fe{CN)a 

— 

— 

— 

-h 

-f 

-b 

+ 

-b 

Cysteine 

— 

+ 

+ 

+ 


-b 

+ 

+ 


-f signifies positive reaction and — negative reaction in tliis and all subsequent experiments. Maximum 
amounts of glucose and nitrate that fail to inhibit the reaction have been found to vaiy slightly with different lots 
of peptone, probably owing to variation in the amounts of oxidizing and reducing agents present. 


In order to ascertain whether the other reagents influence the permissible limit 
of glucose for positive reaction, the maximum amount of these, which were not inhibitory 
to positive reaction, were separately added to peptone water containing different amounts 
of glucose. Reactions observed are recorded in Table II : — 


Table II. 



Glucose. 

* 

Concentration of reagents in mg 

. per 100 c.c. 

NaNO,. 

0-6 

CuS04,5H„0. 

5-0 

K^FelCNle. 

1*6 

K*Fe{CN)o. Cysteine. 

1-6 

o «*• 

* i • € 


+ 

-b 

-b + 

10 

... 

+ 


+ 

_ . — 

15 

... 

... + 

-b 

-b 

_ — 

18 

... 

... + 

+ 

+ 

— — 

Molar cone. 

100 X 10" 

... 3 X 10~% 

20 X 10“®M 

5 X 10" 

6 X 10"% 4 X 10"% 

20 

... 

... + 

-b 

— 

— — 

25 

... 

± 

± 

— 

— 


± signifies slight reaction. 


To determine whether the concentrations of the salts have any ionic effect 
reaction, the maximum amount of glucose (20 mg. per 100 c.c.) was added to peptone 
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on tlic 
water 



containing different amounts of tlie various salts up to tlie maximum permissible limit [vide 
Table II). The results are noted in Table III ; — 

Table III. 

Medium : One per cent bacto-peptone solution containing 20 mg. glucose 

per 100 c.c. 


Concentration in mg. per 100 c.c. 
Reagents. — 


2-6 1-5 l-O 0-6 0-25 


Sodium nitrate, NaNOa ... 

~ 

— 

— 

— 

■+ 

+ 

Copper Bulphate, 
CuSOoBHjO. 

-h 

-t 

-1- 


+ 

-b 

Potassium ferricyanide, 
KjFeCCN).. 

— 

— 



■ + 

+ 

Potassium ferrocyanide, 
K,Fe(CN).. 

— 

— 

— 


— 

— 


The results indicate that within limits, variations in the ionic concentration have no 
appreciable effect on the reaction. 

From Table II it appears that addition of different amounts of reducing agents to the 
media lowers the permissible limit of glucose for a positive reaction. If oxidizing 
agents can raise the limit of glucose to the original level, the effect of a reducing 
environment in stopping the reaction will be evident. The effect of adding different 
oxidizing and reducing agents mth glucose on the ‘ cholera-red ’ reaction are given in 
Table IV. The concentration of each reagent is the maximum that individually gives a 
positive reaction in bacto-peptone. 


Table IV. 


Concentration of reagents in mg. per 100 c.c. bacto-peptone solution. 


Glucose. 

1*5 ferrocyanide 

— 


6‘0 cysteine pVus 

K,Fe(CN),. 

I’O 

NaNOj. 

0-25 

> 

CuSO„5H,0. 

5-0 

/ 

K,Fe(CN), 

1-5 

NaNO,. 

0'2S 

CnSO<,6H,0. 

6-0 

5 


-b 

■f* 

d- 

“h 

-b 

10 


-b 

•r 

\ 

-b 

+ 

15 

— 

-b 

-b 

± 

-b 

-b 

20 



t 

-r 

— 

“i” 

-b 


It appears from Table IV that the effect of ferricyanide 
induced by nitrate and copper sulphate. 


is not so pronounced as that 
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It was tliouglit desirable to study whether the presence of free tryptophan is necessary 
and' whether tryptophan in combination would give the reaction. Witte’s peptone was 
freed from amino-acids including tryptophan by saturating a 10 per cent solution of it with 
ammonium sulphate. The precipitate (proteose fraction) was freed from ammouium 
sulphate by dialysis. Talcing bacto-peptone to contain 16 per cent nitrogen, solutions were 
prepared of (a) Witte’s peptone, (b) fraction of Witte’s peptone precipitated by ammonium 
sulphate and (c) bacto-peptone, all containing O' 16 per cent nitrogen. The amount of tryp- 
tophan necessary to give a positive reaction, was determined by adding different amounts 
of tryptophan to casein-hydrolysate solution (0*16 per cent N) containing 0*25 mg. of HaNOs 
per 100 c.c. to supply the requisite amount of nitrate. The hydrolysate was prepared by 
boiling a 10 per cent suspension of casein in 20 per cent HCl for 20 hours at 125°C. Excess 
hydrochloric acid was removed in vacuum and the solution was clarified with pure animal 
charcoal. Boiling a protein with mineral acid destroys all tryptophan present in it and 
the hydrolysate is taken to be free of tryptophan. The bromine test for free tryptophan 
was carried out in each case. Results are given in Table V : — 


Table V. 



Bacto- 

peptone. 

Witte’s 

peptone. 

Proteose 

fraction. 

Casein hydrolj’’sate containing 
added tryptophan, mg. 
per 100 c.c. 



/ 

0 12 3 6 

Bromine test for free tryptophan 

... 4“ 


— 

- -i- -f -h + 

' Oholera-red ’ reaction 

+ 

-i- 

+ 

— -f + 


It appears that the presence of free tryptophan is not essential for the reaction- 
A positive reaction is also obtained when tryptophan is in a combined state. In the case 
of free tryptophan, the minimum amount necessary was found to be about 3 mg. pw 
100 c.o. 

Discussion. 

The fact that glucose, cysteine and ferrocyanide exert an inhibitory influence on the 
‘ cholera-red ’ reaction (Table 11) suggests that their reducing eSect is responsible for the 
negative result. The beneficial effect obtained by the oxidizing agents in promoting the 
reaction gives additional support to this view {vide Tables II and IV). Colour reactions 
similar to ‘cholera-red’ have been obtained by Woods (1935) with pure indole acetic anc 
indole by addition of concentrated H 2 SO 4 and NaN 02 to the solution of each. This lias 
been confirmed by us. All these go to show that the reducing agents present in the culture 
medium lead to the production of indole propionic acid from tryptophan and this 
fails to give the specific test for ‘ cholera-red 

As culture in bacto-peptone solution which contains no added glucose gives a positive 
reaction, it appears reasonable to suppose that the oxidative breakdown of tryptophan wi 
follow automatically in a medium containing glucose, if only the reducing effect of the latter 
is counter-balanced. The oxidation-reduction nature of any system does not depenn oji 
the total quantity of the respective reagents present but is dependent on the ratio of their 
amounts. If the system is capable of reversible transformation, the smallest amount or the 
reagents should produce the reaction. As will be seen from Table III, addition of minu e 
amounts of oxidizing agents brings out a positive test which is otherwise negative, 
presence of molecular oxygen, these oxidizing sulistances are capable of reversible 
tion and oxidation and hence a minute amount of these will be able to induce an oxicliziho 
potential. The fact that the effects of various agents are not found within the permissi > 
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limit, to depend on the ionic concentration of the salts {vide Table III), goes to establish 
that the oxidative effect is ‘ catalyst ’ in nature. Homer {loo. ok.) ivorldng with B. coli 
suggested that the failure of indole production from tryptophan in presence of glucose is 
due to a complex formation between tryptophan and glucose and that this complex is not 
easily attacked by bacteria. Theoretically, two moles of the oxidizing agents used here 
should be required for one mole of glucose if it be a chemical combination. But the amount 
of different oxidizing agents actually found necessary to give a positive ‘ cholera-red ’ 
reaction {vide Table II) are too small to warrant this assumption of chemical combination. 

Glucose is oxidized irreversibly and hence does not influence the oxidation-reduction 
potential of the substrate to any appreciable extent, when another reversible system is 
present. Yet there is a limit to the amount of glucose that can be added {vide Table II). 
The ‘redox’ potential of a system is primarily a function of hydrogen-ion concentration 
and as the product of glucose oxidation is an acid, it sets a limit to the amount of glucose 
that may be allowed in the substrate. 


Summary. 

1. The inhibitory effect of glucose on the positive ‘ cholera-red ’ reaction in a broth 
culture has been shown to be due to its reducing influence. Other reducing agents are cap- 
able of playing the same role. 

2. The theory of glncose-tryptophan complex as explaining the failure to obtain a 
positive ‘ cholera-red ’ reaction appears untenable on the basis of experimental observa- 
tion. 

3. The addition of minute amounts of oxidizing agents, capable of rmdergoing 
reversible change, can catalytically overcome the influence of reducing agents. 


My thanks ate due to Dt. Phanindta Nath Basu, m.b., and Mr. Diptish Chandra 
Chakraborty, B.pharm., for useful suggestions and technical assistance. 


Hewlett, R. T. (1901) 
Homer, A. (1916) 
Woods, D. D. (1935) 


REREREHCES. 

... frans. Path. 8oc. Land., 52, p. 113. 
... Jour. Hyg., Camb., 15, p. 401. 

... Siochem. Jour., 29, p. 640. 
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It was thought desirable to study whether the presence of free tryptophan is necessary 
and' whether tryptophan in combination would give the reaction. Witte’s peptone was 
freed from amino-acids including tryptophan by saturating a 10 per cent solution of it with 
ammonium sulphate. The precipitate (proteose fraction) was freed from anunoniuni 
sulphate by dialysis. Taking bacto-peptone to contain IG per cent nitrogen, solutions were 
prepared of {a) Witte’s peptone, (6) fraction of Witte’s peptone precipitated by ammonium 
srdphate and (c) bacto-peptone, all containing 0T6 per cent nitrogen. The amount of tryp- 
tophan necessary to give a positive reaction, was determined by adding different amounts 
of tryptophan to casein-hydrolysate solution (O' 16 per cent N) containing 0'25 mg. of NaNOs 
per 100 c.c. to supply the requisite amount of nitrate. The hydrolysate wms prepared by 
boiling a 10 per cent suspension of casein in 20 per cent HCl for 20 hours at 125°C. Excess 
hydrochloric acid was removed in vacuum and the solution was clarified with pure animal 
charcoal. Boiling a protein with mineral acid destroys all tryptophan present in it and 
the hydrolysate is taken to be free of tryptophan. The bromine test for free tryptophan 
was carried out in each case. Eesults are given in Table V : — 


Table V. 



Bacto- 

peptone. 

Witte’s 

peptone. 

Proteose 

fraction. 

Casein hydrolysate containing 
added tryptophan, mg. 
per 100 c.c. 



r- ■ ■ 

0 12 3 6 

Bromine test for free tryptophan 

+ 




- -f -f + + 

‘ Cholera-red ’ reaction 

+ 

-i- 

-1- 

_ _ — -h + 


It appears that the presence of free trj’^ptophan is not essential for the reaction 
A positive reaction is also obtained when tryptophan is in a combined state. In the case 
of free tryptophan, the minimum amount necessary was found to be about 3 mg. per 
100 c.c. 

Discussion. 

The fact that glucose, cysteine and ferrocyanide exert an inhibitory influence on the 
‘ cholera-led ’ reaction (Table II) suggests that their reducing effect is responsible for the 
negative result. The beneficial effect obtained by the oxidizing agents in promoting the 
reaction gives additional support to this view {vide Tables II and IV). Colour reactions 
similar to ‘ cholera-red ’ have been obtained by Woods (1935) with pure indole acetic anc 
indole by addition of concentrated H2SO4 and NaN02 to the solution of each. This has 
been confirmed by us. All these go to show that the reducing agents present in the cuibif® 
medium lead to the production of indole propionic acid from tryptophan and this 
fails to give the specific test for ‘ cholera-red ’. 

As culture in bacto-peptone solution which contains no added glucose gives a posh'J® 
reaction, it appears reasonable to suppose that the oxidative breakdown of tryptophan vi 
follow automatically in a medium containing glucose, if only the reducing effect of the la e 
is counter-balanced. The oxidation-reduction nature of any system does not Acpenc 
the total quantity of the respective reagents present but is dependent on the ratio of 
amounts. If the system is capable of reversible transformation, the smallest amount q 1 
reagents should produce the reaction. As will be seen from Table III, addition of 
amounts of oxicbziug agents brings out a positive test which is otherwise negative, 
presence of molecular oxygen, these oxidizing substances are capable of reversible re n 
tion and oxidation and hence a minute amount of these will be able to induce an ^ 
potential. The fact that the effects of various agents are not found within the permissi 
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Various reducing agents have been found (Sen, 1946 — Part I of this series, seep. 151) 
to inhibit ‘ cholera-red ’ reaction in a culture of V. cholerce. They act either by inhibiting the 
formation of the enzyme concerned or by diverting the course of enzymic reaction so that the 
particular end product to which positive reaction is due is not formed. Following work was 
undertaken with a view to elucidate these possibilities and to .study further the nature of the 
enzyme concerned. 

Experimental. 

A smooth strain of F. cholerce was grown in one per cent bacto-peptone solution containing 
20 mg. glucose'per 100 c.c. After 18-hour growth, part of the culture on test gave a negative 
‘ cholera-red ’ reaction (c/. Table I. Part I, p. 152). The rest of the culture was centri- 
fuged and the supernatant passed through a Seitz filter pad (E. K. 14) and the filtrate 
collected. The centrifuged bacterial deposit was washed thrice and finally re-suspended 
in normal saline. Portions of this cell suspension were then added to solutions containing 
tryptophan and sodium nitrate with and without glucose and the substrates were tested 
after incubation at 37°C. for periods of 30, 60 and 90 minutes. The final strength of the 
bacterial suspension in this and all subsequent experiments was 4,000 million organisms 
per c.c. Similar tests were done with the bacteria-free filtrates. Results are recorded in 
Table I 

Table I. 


.Substrate. 

Period of incubation before test. 

30 min. 

60 min. 

90 min. 

1. Bacterial suspension 4- test solution. 
(Final strength : tryptophan 6 mg. 
and sodium nitrate 0'25 mg. per 
100 c.c. Bacterial cells 4,000 
millions per c.c.) 

-f + + 


^ -1- -i- -L 

2. Cell-free filtrate 4 c.c. + test solution. 
(Final strength of tryptophan and 
sodium nitrate as in No. 1.) 

4 

“f 

-r + 


+ indicates positive reaction, which increased with time. 


Though the filtrate showed definite enzymatic activity increasing progressively with 
reaction was slight in comparison wdth that obtained with the 
‘resti convenience subsequent work was done with washed ribrios in the 
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As breakdown of tryptophan is involved in this reaction, it was considered to he of 
interest to ‘ compare the enzymatic activity of cells grown in medium containing tryptophan 
with those grown in medium free from this amino-acid. ^ 

F, cholercB was grown on agar slopes containing (a) 1 per cent bacto-peptone, (6) 1 per 
cent Witte’s peptone, and (c) casein hydrolysed by hydrochloric acid [vide Part I). This 
hydrolysate was so diluted as to contain nitrogen equivalent to 1 per cent bacto-peptone 
solution in the final medium. Portions from the three cell suspensions (washed 18-hour 
growth) were heated at 56°C. for 30 minutes, so as to kill the organisms. The three living 
and the three killed suspensions were added to different tubes containing [a) tryptophan and 
sodium-nitrate solution, (6) one per cent bacto-peptone solution, and (c) one per cent Witte’s 
peptone solution. Reactions noted on addition of concentrated sulphuric acid after one 
hour are recorded in Table II ; — 

Table II. 


Final concenteation of the ingredients 
IN THE SUBSTRATES. 


Solid medium used for growing the vibrio. 


Tryptophan 6 mg. 
-f NaNOj 0‘25 mg. 
per 100 c.c. 


One per cent One per cent 
bacto-peptone. Witte’s peptone. 


1. Bacto-peptone agar 

-h-l- 

-f 

— 

2. „ (bacterial suspension heated) 

— 

— 

— 

3. Witte’s peptone agar 

-h-h 

+ 

— 

4. „ (bacterial suspension heated) 


— 

— 

5. Casein hydrolysate agar 

... — 


— 

6. „ (bacterial suspension heated) 





As glucose and other reducing agents present in culture media affect the reaction 
[vide Part I), it may be expected that similar inhibitory effect will also be observed with 
washed cells in presence of glucose. Oxidizing agents should overcome this effect if it be 
due to its reducing property. Sodium nitrate and copper sulphate were added to cell sus- 
pensions in tryptophan solution and in bacto-peptone solution. Different amounts of 
glucose were also added. Tests for ‘ cholera-red ’ reaction were made after incubation at 
37°C. for one hour. Results obtained are recorded in Table III : — 

Table III. 


Substrate.?. 


Cell suspension -f tryptophan 
6 mg. per 100 c.c. NaNOj 
0*25 mg. per 100 c.c. 


Cell suspension -t- 2 per cent 
bacto-peptone solution + 
tryptophan * 2 mg. per 100 c.c. 
+ NaNO, 0-25 mg. per 100 c.c. 

Final strength of bacto-peptone 

comes to one per cent. 


Glucose added (mg. per 100 c.c. of final 
mixture) : — 

10 

20 

40 

60 

10 

20 

40 

CO 

1. Control 

+ + 

-i" 

i 

— 

d: 

— 

— 

— 

2. NablOa (0‘25 mg. per 100 c.c.) 

+ + 

-h 

-h 

i 

-n- 

+ 

± 


3. CuSOi/iHjO (1 mg. per 100 c.c.) 

-h-f 


-i- 

± 

1 

T 

+ 

± 


4. CuSOj.SH.O (5 mg. per 100 c.c.) 

O- 

— 

— 

— 

+ + 


+ 



* Tr 3 'ptophan was added to increase the intensity of colour. 
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The addition of sodium nitrate shows a heneficial result. The addition of copper 
sulphate in concentration used in previous experiments (Part I) makes the reaction 
ne<^ative. In a parallel experiment with cells suspended in one per cent bacto-peptone 
solution with copper sulphate and with sodium nitrate definite enhancement of the 
reaction was obtained (Table III). The presence of a strong oxidizing environment as 
induced by higher concentrations of copper sulphate (No. 4, Table III) appears to be un- 
favourable in the case of washed cells suspended in tryptophan solution. Bacto-peptone, 
probably by virtue of the reducing agents it contains, balances the oxidizing effect of 
copper sulphate (Table III). 

As the reduction of nitrate to nitrite is essential for a positive reaction, tests for 
nitrite were done (Shinn, 1941) in different substrates containing cell suspension and 
nitrate. Results obtained after one hour’s incubation at 37°C. are recorded in Table IV 


Table IV. 


. Substrate. 


Test for ' 
nitrite. 


1. Cell suspension + sodium nitrate ... ... ... ... ... ... — 

2. Cell suspension + sodium nitrate + glucose ... ... ... ... ... •+- 

3. Cell suspension + sodium nitrate + copper sulphate (5 mg. per 100 c.c.) ... ... ... — 

4. Cell suspension + sodium nitrate + glucose + copper sulphate (5 mg. per 100 c.c.) ... ... — 

5. Cell suspension + sodium nitrate -b glucose + copper sulphate (2 mg. per 100 c.c.) ... ... ± 

6. Cell suspension + sodium nitrate + glucose + copper sulphate (1 mg. per 100 c.c.) ... ... 


Final concentration of sodium nitrate— 0-25 mg. in 100 c.c. 

Final concentration of glucose — 20 mg. in 100 c.c. 

In No. 1 reduction of nitrate does not occur as there is no substance to act as 
an electron donor (Ingold, 1934). With the addition of glucose, reduction of nitrate to 
nitrite takes place in No. 2. In experiment No. 5, with a smaller amount of copper 
sulphate a faint positive reaction for nitrite is obtained, while in experiment No. 6 with still 
less copper sulphate the amount of nitrite formed was practically equal to that in No. 2. 
In cases of Nos. 3 and 4, nitrite is not formed. The strong oxidizing effect of copper 
sulphate most probably interferes with the reduction of nitrate to nifrite. This reduction 
is essential for a positive ‘ cholera-red ’ reaction. Hence the failure to get a positive test, 
when copper sulphate (5 mg. per 100 c.c.) was added to the emulsion containing 
tryptophan and nitrate (expt. No. 3, Table III). 


Discussion. 

VTien the presence of an enzyme in the cell is spoken of, it is meant that the cells 
mamfest certain specific activity, which identifies the enzyme. It may not he always 
possible to separate the enzyme from the cell. In this particular case, though the culture 
filtrate shows definite enzymic activity increasing with time (Table 1) the weak intensity of 
tlie reaction shows that the enzyme is not separable from the cells to any great extent, 

A strong positive reaction was obtained with washed vibrios from a culture which failed 
to give the reaction (Table I). As the positive reaction was obtained within the resting 
phase of the cells, it appears that the initial negative reaction with whole culture was due to 
non-formation of the specific end product, though the enzyme was present, 

ibp from Table II that within the time of experiment (resting -phase of 

he vibrio) the presence of free tryptophan is necessary for a positive reaction Cells 
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suspended in Witte’s peptone solution which contains no free tryptophan {cf. Part I) failed to 
give a positive reaction in all cases. Liquid culture of F. cholem in Witte’s peptone solution, 
however, gives a positive reaction. It appears that in cultures in Witte’s peptone solution 
tryptophan is at first liberated from the combined state and subsequently acted upon by the 
specific enzyme. The unheated cells from Witte’s peptone and bacto-peptone media, when 
suspended in bacto-peptone solution which contains free tryptophan, gave positive reaction. 
Cells grown in medium prepared with acid hydrolysate of casein in which tryptophan 
is destroyed failed to show enzymic activity in all cases. This particular enzyme, as judged 
by the ‘ cholera-red ’ reactipn, therefore, belongs to the group of ‘ adaptive ’ enzyme. It only 
develops in presence of tryptophan in culture media. It also appears that the enzyme is 
destroyed if heated at 56°C. for 30 minutes. 

Happold and Hoyle (1936) working with washed cells of B. coU grown on a medium free 
from tryptophan observed that tryptophan can be broken to indole by cells grown on trypto- 
phan-free medium. Fildes (1938), however, observed that when grown in presence of 
tryptophan cells of B. coli exhibit marked enhancement of this tryptophan-splitting activity. 
With F. cholerce, we have not been able to detect the breakdown of tryptophan by the cells 
grown on tryptophan-free medium at least within the short period of the experiment (resting 
phase of the vibrio). Duration of the experiment carried out by Happold and Hoyle was, 
however, much longer than that of ours. We have observed breakdown of tryptophan 
within a period as short as 30 minutes {vide Table I) by cells grown on media containing 
tryptophan. 

Happold and Hoyle (loc. cit.) and Evans el al. (1941) suggested that this failure to liberate 
indole from tryptophan by B. coli in presence of glucose, was due to non-liberation of the 
specific enzyme. With washed cells of F. cholerce (Table I) taking the ‘ cholera-red ’ reaction 
to be an indication of breakdown of tr 3 q)tophan, we could not corroborate this view. That 
the inhibitory influence of glucose is overcome by oxidizing agents {vide Table III) and a 
positive reaction is obtained, strongly suggests that the inhibition by glucose is due to its 
reducing action. 


Incidentally, it has been observed by us that the technique of ‘ cholera-red ’ reaction can 
be conveniently modified. Culture of F. cholerce is made on any common solid medium ; after 
incubation period of about 5 to 6 hours an emulsion is made and added to sterile stock solu- 
tions of tryptophan and sodium nitrate. On addition of sulphuric acid after 46 to 60 minutes, 
the cherry -red colour of ‘ cholera -red ’ reaction is obtained. This technique is fairly rapid 
and avoids the use of any selective medium. 


Summary. 

1. Liberation of specific enzyme for breakdown of tryptophan takes place in the presence 
of glucose. But the formation of the specific end product, which gives positive ‘ cholera-re 
reaction is prevented in a reducing environment. 

2. The enzyme is separable from the cells to a very small extent. It belongs to ic 
class of adaptive enzymes and is heat labile being destroyed on being heated at 50 0. 

30 minutes. 

3. A modified technique for the ‘ cholera-red ’ reaction has been suggested. 


REFERENCES. 

Evans, W. C., Handley, W. R. C., and Biocheni. Jovr., 35, p. 207. 

Happold, F. (1941). 

Fildes, P. (1938) ... ... Ibid., 32, p. 1600. 

Happold, F., and Hoyle, L. (1936) ... Bril. Jovr. Exper. Path., 17, p. 136. 

Ingold, C. (1934) ... ... Chevi. Rev., 15, p. 266. 

Sen, S. N. (1946) ... ... Ind. Jovr. Med. Rei,., 34, p. 161. 

Shinn, M. B. (1941) ... ... Ind. Eng. Chem., Anal. Ed., 13, p. 33. 


Ind. .lour. Med. Res., 34, 1, May, 1'940. 

STUDIES ON CAEBOHYDRATE METABOLISM. 

BY 

M. MEENAKSHI, m.sc.,* 

U. C. VARIYAR, M.sc., a.r.i.c., 

AND 

A. S. MANNADI NAYAR, m.b., b.s., ph.D.' (Edin.). 

{From the Department of .Biochemistry, Medical College, Madras.) 

[Received for pablication, October 24, 1945.] 

Iktroddction. 

Numerous investigations have been carried out by different workers on the glucose 
content of blood in normal and pathological conditions and its interrelationship with some 
of the important blood constituents. Tlie administration of glucose is reported to affect 
the values of blood glucose, potassium and inorganic phosphate contents of serum (Flock 
et al., 1938). 

It has been definitely established that the liver plays- an important role in the 
metabolism of carbohydrates (Graham, 1938 ; Himsworth, 1939) and that van den Bergh’s 
reaction for serum bilirubin is one of the tests for the investigation of hepatic efficiency 
(Mann and Bollmann, 1935). Somo^ (1942) reported that abnormal diastase levels are 
indicative of impaired hepatic function. Myers and Killian (1917) had claimed that the 
diastase activity of blood was increased in diabetes. 

In spite of these extensive studies there is no reference in the available literature to a 
statistical study of the problem in which sufficient data of a comparable nature have been 
reported whereby the correlation, if any, between these various factors can be determined 
in normal and pathological subjects. In the present investigation an attempt has been made 
to interpret statistically the data obtained on the interrelationship of glucose and some of 
the more important constituents of blood influencing carbohydrate metabolism. Serum 
inorganic phosphorus and serum potassium values were determined to ascertain the variation 
in these constituents with blood glucose, before and after ingestion of standard test-dose of 
dextrose, both in normal and in diabetic subjects. Assays of diastase and bilirubin content 
of serum and the ascorbic acid content of whole blood were also carried out. The diastatic 
activity of blood and the bilirubin content of plasma or serum are tests of efficiency of 
functions which are in some way related to carbohydrate metabolism (Graham, loc. cit . ; 
Himsworth, loc. cit. ; Somogyi, 1942). 

This paper presents the results of the above investigations on 94 diabetic subjects (84 
males and 10 females) — patients from the various government hospitals in Madras. They 
were between the ages of 16 and 62 years (average 36’3 years) and the duration of their illness 
varied from O’l to 20 years (average 1'5 years). Control experiments were done on 53 
volunteers (31 males and 22 females) from the students and staff of the Medical College, 
Madras. All these persons were free from diabetes, and their ages varied from 17 to 40 years 
(average 23'8 years). It is, however, to be noted that since among diabetic patients there 
is an overwhelming preponderance of males (84 males and 10 females) the differences between 
males and females on diabetic siffijects should be interpreted with caution. 


Material and methods. 

The subjects were examined early in the morning. Samples of venous blood were 
collected before, and one hour and two hours after, administration of 50 g. of pure dextrose. 
O.xalated blood was used for estimation of blood glucose and ascorbic acid while senim was 


t * tlie thesis ‘ Carbohydrate Metabolisra— A study of certain blood constituents in diabetes’ Trhich 

IwWnd of 5r.-.stcr of Science in the University of Madras in 1944, and published 
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used for the determinations of potassium, inorganic phosphorus, diastase and bilirubin. All 
the estimations were done in duplicate and the average values were recorded. 

Urine was collected immediately after each blood specimen and samples were tested, 
for presence of ghicose, with Benedict’s qualitative sugar reagent. 

Quantitative determinations of blood eonstituents were made as follows : — 

(1) Blood glucose . — This was estimated titrimetrically by the micro-technique of Somogyi- 
Shaffer-Hartmann (Somogyi, 1930). 

(2) Inorganic phosphate . — This was estimated by the method of Youngburg and Young- 
burg (1930). The table of values published by Bodansky (Hawk and Bergeim, 1938, p. 462) 
was used for calculation. 

(3) Potassium . — Potassium content of serum was determined colorimetrically by the 
method of Breh and Gsebler as reported by Peters and van Slyke (1932). Whenever sufficient 
quantities of serum were not available estimations Avere made with 0‘5 c.c. of serum. 

(4) Diastase . — The serum remaining after the quantities required for estimations of 
potassium and inorganic phosphate had been taken was mixed and the diastase content of 
the mixed serum was estimated by the saccharogenic activity method of Somogyi (1938). 
Whenever quantities were insufficient estimations were done with serum diluted with 0'5 
per cent sodium chloride solution. 

(5) Bilirubin . — The bilirubin content of mixed serum left after the estimation of diastase 
was determined by the method of Haslewood and King (1937). 

(6) Ascorbic acid . — This was determined using Tillman’s reduction indicator, 2 : 6 dichlor- 
phenol-indophenol by the method of Birch et al. (1933). Precipitation of protein was effected 
immediately after taking blood. 

Results. 

A. Blood constituents. 

Table I gives the summary of the results of all estimations done with the samples 
of blood taken from the normal persons and Table II gives that of similar results in diabetic 
persons. 


1. Blood glucose. — (a) Normals : 

(•i) Fasting . — Table I shows that the maximum readings found in the total number 
examined are from women and the minimum from men. The difference in the average values 
in the two groups (males and females) is not statistically significant. 

The frequency distribution curve for the combined group is given in Graph 1. 

Twenty-three out of 31 persons or 74-2 per cent of the results in males, 16 out of 22 or 
72'7 per cent of the results in females, i.e. 39 out of 53 or 73’6 per cent of the results in the 
total number examined, had values between 70 mg. and 100 mg. per 100 c.c. of blood. 

Beaumont and Dodds (1939) have given 100 mg. per 100 c.c. as the average fasting bloo 
glucose in a normal person. The values found in the present work are in general agreeiuen 
with those reported by Glassberg (1931). Gray (1923) obtained lor 431 healthy persons 
values between 80 mg. and 120 mg. per 100 c.c. of blood. The difference between the 
values and those reported by other workers may be due to the difference in the analytics 
procedures. 

{ii) One hour after oral administration of 50 g. of pure dextrose . — Males had a liigb^ 
maximum reading and lower minimum under this group (Table I). There was a grea e 
variation in the blood glucose values of males. The difference between the two mean va u 
is significant and the females may be considered to have higher glucose values. 

Among males 30 persons (96'8 per cent) had their values between 60 mg- 
per 100 c.c. of blood. Seven cases or 22‘6 per cent had values between 60 mg. and oO nUj 
Only' in 16 persons (5T6 per cent) the values were over 100 mg. per 100 c.c. In fema es 
the values were betw'een 80 mg. and 160 mg. per 100 c.c. Thus, compared to the ^ 

males a larger percentage of females had their blood glucose values over 100 mg. par 1 ^ 

In the total number examined 13'20 per cent had values betw'een 60 mg. and 80 mg. an 
per cent between 160 mg. and 180 mg. per 100 c.c. 
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Number of cases, rnaxhmms, mmimims, ranges of variation, means, siandanl demalions and coefficients of mnahon. 

(Normal persons.) 




Number of cases, maximums, minimums, ranges of variation, means, standard deviations, and coefficients of variation. 

(Diabetic persons.) 
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{Hi) Txvo hours after glucose ingestion . — ^The maximum reading was in females and the 
minimum in males (Table I). The variation in blood glucose values found in females is 
slightly less than those in males. The difference between the mean values of blood glucose 
in males and females is not significant. 

In males three persons (9-7 per cent) had values between 40 mg. and 60 mg. per 100 c.c. 
and 27 (i.e. 87T per cent) between 60 mg. and 120 mg. per 100 c.c. In females there was no 
person having blood glucose value between 40 mg. and 60 mg. per 100 c.c., while 20 or 90'9 per 
cent had values between 60 mg. and 120 mg. per 100 c.c. Thus, compared to males a greater 
percentage of females had values between 60 mg. and 120 mg. per 100 c.c. of blood. In the 
combined group three (5'7 per cent) had values between 40 mg. and 60 mg. and 47 (88’7 per 
cent) between 60 mg. and 120 mg. per 100 c.c. 

{iv) Tolerance curves . — The average blood glucose values of 53 persons examined are 
given in Graph 2. In 45 cases (84‘9 per cent) the middle value, i.e. the value for the glucose 
content of blood taken one hour after the administration of glucose, was highest. In foiu 
(7'6 per cent) they were increasing slightly. In two of these persons the first two values 
were the same. In one case the middle value was the lowest. In three (5' 6 per cent) the 
values were found to decrease. In one of these three cases the first two values were the 
same but the third was lower than either of these by 11‘7 mg. per 100 c.c. 



(6) Diabetics : 

{i) Fasting (Table II and Graph 1). — Sixty-four males (76’2 per cent) and 9 females 
(90‘0 per cent) had values between 100 mg. and 300 mg. per 100 c.c. of blood. 

{ii) One hour after administration of g. of jnire dextrose . — Seventy-seven males (92- 
per cent) and 9 females (90’0 per cent) had values between 100 mg. and 500 mg. per 100 c.c, 

{Hi) Tu'o hours after glucose ingestion. — Seventy-six males (90'5 per cent) and 9 females 
(90’0 per cent) recorded values between 100 mg. and 500 mg. per 100 c.c. 
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(iv) The tolerance cwrac.— Graph 2 shows the curve of average values found in 94 diabetic 
patients. Thirty-eight or 40-4 per cent of these cases had steadily increasing values. In 
two of these the last two values were identical ; but thev were higher than the first. In 56 
cases the middle value was the highest. Nine cases (9-6 per cent) had fasting blood glucose 
values below 100 mg. per 100 c.c. of blood, i.e. their fasting blood glucose values were 
absolutely normal. Of these, 6 cases had for their maximum slightly below 19Q- mg. 
per 100 c.c. and the maximums were reached in one hour. Two of the remaining cases had 
the maximum values between 190 mg. and 200 mg. and two others over 200 mg. per 
100 c.c. These maximums were reached in two hours’ time. 

2. Serum inorganic phosphate. — (a) Normals : 

{i) Fasting . — The maximum value was in females (Table I) and minimum iu males. 
The average phosphate value for males is slightly less than that for females in whom the 
variation was smaller. The difference between the mean values is significant and therefore 
one can reasonably expect higher serum inorganic phosphate values in females. 

The frequency distribution curve for the combined group is given in Graph 3. In males 
all the values were between 2 mg. and 4'5 mg. per 100 c.c. In 27 (93‘2 per cent) the values 
fell within the range of 2 to 4 mg. per 100 c.c. The distribution of the values in females was 
slightly different. Only in 19 persons (86-4 per cent) the values were between 2'0 mg. and 
4-5 mg. per 100 c.c. In all, 48 persons {94'1 per cent) bad phosphate values between 
2 mg. and 4-5 mg. per 100 c.c. of serum. 



Briggs (1924) found the inorganic phosphate content of human plasmas varying from 
2-88 rag. to 3-32 rag. with an average value of 3-04 mg. per 100 c.c. Kay and Bvrbm (1927) 
estimated the inorganic phosphate contents of 8 males and 9 females. In males the maximum 
value was 3-4 mg., minimum value 2-8 mg, and the average value 3T mg. per 100 c.c. The 
corresponding values for females were 3-5 mg., 2*4 mg., and 2-9 mg. per 100 c.c. Peters and 
van Slyke (1931) found 2 mg. to 5 mg. per 100 c.c. in adults and 4 nm. to 7 mg. per 100 c c 
in infants. Hawk and Bergeim [he. eit., p. 335) give it as 2 mg. to 5 mg. per 100 c.c. Thus’ 
the values found in the present work show a greater range. ’ 

(ii) One hour after oral administraiion of 50 g. of glvcose.—Tha values are higher in 
females, hut the variation in values is greater in males. The difference between the means 
thaif maler females generally have a higher inorganic phosphate level 
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Twenty-eight males (96'6 per cent) had values between 2’0 mg. and 4’5 mg. per 100 c.c. 
Twenty females (90‘9 per cent) and 49 persons or 94’1 per cent of the total number examined 
were within this range. 

{Hi) Two hours after the administration of glucose . — The maximum was higher, minimum 
lower, average greater and variation less in the serum inorganic phosphate values of females. 
The difference between the means in the two groups (males and females) is significant and the 
phosphate content of serum taken two hours after administration of glucose may be considered 
to be higher in females than in males. 

Out of the 29 males examined for serum inorganic phosphate 28 or 96*6 per cent had 
values between 2’0 mg. and 4‘5 mg. per 100 c.c. In females 21 (95’6 per cent) and in the 
combined group 49 (96‘1 per cent) had values within this range. 

{iv) The tolerance curves . — The curve of average values of 51 normal persons is given 
in Graph 4. It will be seen from this curve that one hour after administration of glucose 
the inorganic phosphate values come to a minimum. However, in three cases the values 
were found to increase steadily. These ascending values were seen only in males. Descend- 
ing values were noticed in 28 (54‘9 per cent) cases while in 18 (35‘3 per cent) the middle value 
or the value obtained one hour after the administration of glucose was the lowest. In 
one case the last two values were the same, and in two cases the middle value was 
the highest. 

u 



GKArn 4. — ^Jlean serum inorganic phosphate values in (o) diabetics and (6) normals. 


(fi) Diabetics : 

{i) Fasting (Table II and Graph 3). — -Fifty-three males (86‘9 per cent) and all the 
females, i.e. 60 patients (88-2 per cent) in all, had values between 2'0 mg. and 4’5 uig. 
per 100 c.c. 

Briggs (1923) found in a diabetic case 3'7 mg. of serum inorganic phosphate. Tins is 
within the range of the majority of the values found in the present series. 

(if) One hour after administration of 50 g. of pure dextrose. — Fifty-five males (91* i per 
cent) and all the females had values between 2'0 mg. and 4’5 mg. per 100 c.c. 

(Hi) Two hours after glucose, ingestion. — ^Fifty-four males (90'0 per cent) and all the 
females had values within the range of 2'0 mg. to 4’5 mg. per 100 c.c. 

{iv) The tolerance curves . — Graph 4 contains the average values of 67 diabetic cases. 
The general shape of the curve shows a slight rise in the values at the end of one hour and 
slight fall at the end of two hours. In 12 patients, i.e. 17'9 per cent of the cases, the values 
were found to increase, w'hile in 21 or 31’3 per cent, the values w'ere steadily decrcasiug. r’ 
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15 (22‘‘1 per cent) cases tlie middle values were lowest, while in 19 (28'4 per cent), the 
middle values Avere highest. 

Serum polassium . — The frequency distribution curves for combined males and 
females are plotted in Graph 5 separately for normal and diabetic cases in the fasting condition 
while Graph 6 contains the tolerairce curve. 



Serum potassium as mg. per 100 c.c. 

.Gbapb 5. — ^Frequency distribution of potassium in the fasting serums of 
{a) diabetics and (6) normals. 



Time of taking blood. 

Graph 6. — Serum potassium values in (a) diabetics and (6) normals. 

Qrj.r ^^onnal . — In the fasting condition 96'7 per cent of the cases (92‘6 per cent males and 

is females) showed values between 14 mg. and 24 mg. per 100 c.c. This range 

those already reported in the literature (Taylor, 1930 — 19’9 mg. to 22'2 mo-. • 
There ^ergeim, ?oc. cit., p. 474—16 mg. to 22 mg. ; Harrison, 1937—18 mg. to 21 mg.). 
be seen fro^n ^PPreciable difference in the values after ingestion of glucose ; it will, however, 
end of two h ® ^ values after one hour and a slight rise at the 
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(b) Diabetics . — In the fasting condition 91‘1 per cent (82-3 per cent males and 100 per cent 
females) recorded 14 mg. to 24 mg. per 100 c.c. Briggs (1923) reports 23 mg. per 100 c.c. 
in a diabetic patient. As in the normal cases, glucose ingestion had no effect on serum potas- 
sium values, and the lowering in value after one hour is much less pronounced than in the 
normal cases. 

4. Serum diastase (Tables I and II, Graph 7). — Eighty-four per cent in normals and 
55-7 per cent in diabetics gave values between 60 and 120 units, a range lower than that 
reported by Somogyi (1942), viz. 80 to 150 units. This difference is probably due to racial 
differences in the experimental subjects — South Indians and Americans. 



5. Serum bilirubin (Tables I and II, Graph 8). — ^Normal males recorded higher values 
than corresponding females while diabetic females showed greater variation than diabetic 
males. The values obtained in this investigation (0’4 mg. to l’6mg. per 100 c.c. of 
are much higher than what has been reported in literature (Hawk and Bergeim, loc. cit., p. 407 



Serum bilirubin as mg. per 100 c.c. 

GKAFii S. — Frequency distribution of biJinibin in the serum takes from (a) diabetics 

and (b) normals. 


( no ) 


— 0-1 m". to 0-25 mg. per 100 c.c. and Harrison, loc. mg. to O'S mg. per 100 

C.C.). Vau^flian and Haslewood (1938), however, found the normal level of plasma bilirubin 
obtained by this method varying from 0'2 mg. to 1’7 mg. per 100 c.c., although most of the 
values were below O'S mg. The results suggest that serum bilirubin of normal South Indians 
is slightly higher than that of Englishmen. 

6. Blood ascorbic acid (Tables I and II, Graph 9).— Of normal cases 88-5 per cent 
and of the diabetic cases 62-5 per cent gave values between 1 mg. and 2-5 mg. per 100 c.c. 
of blood, a range which indicates that the subjects were not deficient in vitamin C. The 
figures compare favourably with those reported by other workers (Mirsk}’ et al., 1935 ITl 
nSr. to 2-88 mg. per 100 c.c. ; Bellous. 1936—1 02 mg. per 100 c.c. ; Farmer and Abt, 1936 
— S-69 mg. to 2-36 mg. per 100 c.c. ; Hawk and Bergeim, loc. cit., p. 458—0-8 mg. to 2-40 
mg. per 100 c.c. ; Owen et al, 1941—0-8 mg. per 100 c.c. ; Portnoy and WilMnson, 1938—0-8 
niv to 1-4 mg per 100 c.c. ; Goldsmith and EUinger, 1939 — 0'65 mg. to 2-0 mg. per 100 c.c. ; 
■«^der and Wilbur, 1938—0-7 mg. per 100 c.c. ; Ralli et al, 1939-1-2 mg. per 100 c.c.). 



Blood ascorbic acid in mg. per 100 c.c. 

Gkaph 9. — ^Frequency distribution of ascorbic acid in the blood taken from 
(a) diabetics and (6) normals. 


B. Correlations. 


Table III shows the simple correlation coefficients between the various blood constituents 
e-vamined (both normal and diabetic) and their significance. 

(?) The relation between fasting blood glucose and fasting serum inorganic phosjjJiate. ^It 

will be seen from Table III that the correlation coefficients for normals and diabetics are 
—0-3038 and —0-2536 respectively. These figures and the difference between them are 
significant, thus establishing a relationship, in diabetes, between fasting serum inorganic 
phosphate and fasting blood glucose. 


, recognized functions of inorganic phosphate are : (?) the maintenance of the acid- 

base equihbnum of the body. (?'?) the formation of bones. (Hi) the calcium equilibrium of the 
bod}- and (jv) the metabolism of carbohydrates. Henderson (1907) demonstrated that the 
acid-base equihbnum of the body is contributed to by the conversion of basic phosphates 
into acid phosphates m the kidney. In acidosis Peters and van Slyke (1931) have^hown 
ftat the total phosphate excretion is mcreased and that the transformation of certain tyiies 
of orgamc phosphates into inorgamc phosphates occurs. ^ 
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Table HI. 

Coefficients of correlation and their significance. 


Coefficient. 


Between. 





Normal. 

Diabetic. 

1, 

F.-isting blood glucose and fasting serum inorganic phosjih.Tte 

+0-3038* 

-0-2536* 

2. 

Relative variation in blood glucose and scrum inorganic 

piiosphate (0 to 1 hour) 

-0-0902 

-0-0.586 

3. 

9i >> 

(0 to 2 hours) 

-0-0255 

-0-302It 

4. 

99 99 99 

(1 to 2 hours) 

-0-1630 

-0-0791 

5; 

Fasting serum potassium and fasting serum inorganic phosphate 

+0-0595 

-j- 0-0112 

6. 

Fasting blood glucose and fasting scrum potassium 

... 

+0-0138 

-0-1203 

7. 

Relative variation in blood glucose and serum potassium 

(0 to I hour) 

+0-0318 

-0-0460 

8. 

» 91 99 

(0 to 2 hours) 

-0-1280 

+0-1602 

9. 

99 99 99 

(1 to 2 hours) 

+0-0817 

-0-1218 

10. 

Fasting blood glucose and serum diastase 

... 

+0-0259 

-0-1600 

11. 

Fasting blood glucose and serum bilirubin 

... 

-0-1727 

+0-0615 

12. 

Serum bilirubin and serum diastase 


+0-1123 

+0-0954 

13. 

Fasting blood glucose and blood ascorbic acid 

>•« *•» 

-0-1669 

+0-0S7S 


* Significant at 5 per cent level. 


t Significant at 1 per cent level. 


It is generally recognized (Sclinudt and Greenberg, 1935) that from the chemical stand- 
point the skeleton is not a fixed system, but one in which there is a frequent interchange of 
inorganic constituents, especially calcium, phosphorus and magnesium. In fact, the skeleton 
constitutes a great reservoir of these ions which can be readily called on in times of need. 

After the administration of insulin (Blatherwick et al., 1921; Bollinger and Hartman, 
1925; Briggs et al., 1924; Harrop and Benedict, 1924 ; Kay and Eobinson, 1924 ; Sokiie} 
and Allen, 1924), glucose (Bollinger and Hartman, loo. cit.) and adrenaline (Sacks, 192( , 
Vollmer, 1923) the inorganic phosphate of the blood and urine falls. Hartman and Bollmgcr 
(1925) found that in severe experimental and clinical diabetes the administration of glucose 
does not affect phosphate metabolism. Peters and van Slyke (1931) suggested that, 
phosphate reserves were adequate for carbohydrate metabolism, the variation in 
phosphate did not influence glucose combustion. They stated that, in diabetes, the changes 
in plasma phosphate which normally follow the ingestion of carbohydrate were delayeU, 
diminished or were absent and that the changes depend on the degree of carbbhyclra e 
tolerance. Hartman and Bollinger {loc. cit.) suggested that post-alimentary phosphaturia 
curves could be used as an index of the severity of diabetes. In severe cases of diabe ic 
acidosis Peters cl al. (1925) found slight reduction in serum inorganic phosphate content. 

In the present work blood glucose was found to have a sigm'ficant correlation with seruiu 
inorganic phosphate. In normal persons the relationship is direct, i.e. in cases where fastiHc 
blood glucose is high, the fasting serum inorganic phosphate is also high. This is 
both these constituents, which are required for carbohydrate metabolism, are easily mobmze ■ 
In diabetes the metabolism of glucose is deranged and to ensure a normal utilization of giuco 
a higher glucose pressure is maintained. 
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In normal cases where tliere is no acidosis or polyuria the mechanism for the retention 
of liases may be sufficient. But, wlien there is polyuria and acidosis or polyuria alone, the 
excretion of phosphate is increased so that an increased production of phosphate is essential. 
Eabinowitch (1924) found that diabetics with nephritis could not produce as much ammonia 
as normals. Assuming that the liberation of phosphate is normal and the urinary excretion 
increased, it is only reasonable to expect a lowered phosphate content in the serum. 

Further, serum inorganic phosphate is in equilibrium with the phosphate reserve from ■ 
which the former is mobilized irrespective of the form in which this reserve exists. The fact 
that an inverse relationship exists between serum inorganic phosphate and blood glucose in 
diabetic cases shows that the mechanism which produces increased phosphorus content in 
normal cases is deranged in diabetic cases. It cannot be said that excretion alone can be held 
responsible for this, for if there is greater excretion there can also be greater mobilization. 
Further, there is some relationship between blood glucose values and serum inorganic phos- 
phate values. We have, therefore, to infer that in diabetic cases either there is some derange- 
ment in the mobilization mechanism, or with the raised level of blood glucose an increased 
quantity of inorganic phosphate is used up to make the utilization of glucose the same. 

{ii) Relation hetu'een the relative variations in blood glucose and serum inorganic phos- 
phates noted in the first two hours after the administration of glucose . — The coefficients of 
correlation for normals and diabetics are —0-0255 and —0-3021 respectively. The difference 
is not significant, and so, as far as the relations between relative changes in the values of blood 
glucose and serum inorganic phosphate are concerned, the diabetics cannot be considered 
as different from normals. 

Peters et al. {loc. cit.) occasionally noticed a slight reduction of the inorganic phosphate 
of sermn in cases of severe dialjetic acidosis. In the present work a negative correlation 
between glucose and phosphate values is noticed in the normal as well as in diabetic cases. 
The result is not significant in the normal while it is highly significant in diabetic cases ; and 
as far as this relationship is concerned the normal persons are not in any nay different from 
diabetic patients. In other words, in all types of cases we can expect to find a lowering in 
the phosphate values in the first two hours. 

It is, however, to be noted that if only average values are taken, as in the case of 
tolerance curves, the lowering in the phosphate values after the administration of glucose 
is greater in normal than in diabetic cases. In diabetics, the curve of the average values 
run almost parallel to the abscissa showing thereby that an oral administration of glucose 
does not materially affect the serum inorganic phosphate values in diabetes. These results 
are in agreement with the findings of the previous workers. 

No other significant relationship was observed between the various constituents 
estimated. 

Summary and conclusions. 

1. The glucose and ascorbic acid contents of blood and inorganic phosphate, 
potassium, bilirubin and diastase contents of serum were determined in 53 normal persons 
(31 males and 22 females) and 94 diabetic patients (84 males and 10 females). 

2. The relationship between fasting serum inorganic phosphate and fasting blood 
glucose is definitely altered in diabetes. 

3. There is significant inverse relationship between the relative variations in the 
glucose content of blood and inorganic phosphate content of serum during the first two hours 
after the administration of glucose in the case of diabetic subjects. However, diabetics cannot 
be considered different from normals in this respect.’ 

_ 4. There is no evidence to show that the relationships between the other blood con- 
stituents examined are altered in diabetes. 


The authors record here their thanks to other members on the staff of the Biochemistry 
i t ^ ^fedical College, Jladras, for their co-operation and help, to the Snperin- 
en s of the various Government Hospitals in Madras for their permission to take 
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the necessary notes from the case sheets of patients on whom the above research work was 
conducted, to Dr. N, Sundararama Sastri for his suggestions regarding tlie statistical treatment 
of the values and to the volunteers, in the control experiments, for their co-operation. 
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A CLINICAI, determinatioii of glucose tolerance is recognized to be of fundamental 
diagnostic and therapeutic value in pathological conditions, particularly diabetes. The 
interpretation of the results is based on a set of so-called normal values.^ However, the 
normal range itseK is rather wide even when the study is confined to a specific cross-section 
of a country or community. This fluctuation cannot be attributed to the lack of adequate 
physiological regulatory mechanisms, for it is well known that the human body is capable 
of exercising highly sensitive control, e.g. maintenance of pH of blood, temperature, etc. It 
would appear, therefore, that the normal variation in blood glucose is not entirely fortuitoris 
and some work was, therefore, undertaken to study the relation, if any, between blood glucose 
on the one hand, and surface area and age of normal and pathological subjects on 
the other. The results obtained with normal male subjects are reported in this paper. 
Similar figures for females, and for pathological cases, will form the subject of subsequent 
communications. 


Material and methods. 

Twenty healthy subjects were chosen from the students and staff of the Medical College, 
Madras, for this study. Age was calculated correct to the second decimal place from records 
of date of birth and date of experiment. Body-surface area was calculated from the height 
aud weight of the individual according to the surface-area nomogram method of Boothby 
and Sandiford (quoted by Hawk and Bergeim, 1938). Blood glucose was determined prior 
to, and at fixed intervals of hour, 1 hour, 1| hours and 2 hours after administration of 50 g. 
of pure dextrose. Determinations were done in duplicate according to the colorimetric 
method of Herbert and Bourne (1931). Urine samples were tested to ensure absence of 
abnormal amounts of glucose. 


Results. 

The detailed results are given in Table IV. Table I shows the general nature of the 
results obtained. 

It will be seen that wide variations in glucose values have been recorded. On purely 
statistical grounds, values within the arithmetic mean ± twice the standard deviation are 
likely^to occur in 95 per cent of the cases, and by this criterion alone values much lower 
than 70 mg. of glucose per 100 c.c. of blood should normally be encountered. That this is 
rarely the case is proof of the intervention of physiological regulatory mechanisms. 

The relationship between the fasting blood glucose values on the one hand and the body- 
surface area and the age on the other in males between the ages of 18 and 32 is <nven bv 
the regression equation : — 

Fasting blood glucose in mg. per cent = -14-12034 -f 70-49996 x body-surface area in 

square metres —0-84104 x age in years 
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Table I. 



Height in inches. 

Weight in pounds. 

1 

Surface area in 
square metres. 

Age in years. 

Blood glucose 

Fasting. -1 hour ‘ 
after. 

VALUES IN MO./lOO C.C. 

1 hour 14 hours 2 hours 
after. after. after. 

Number examined ... 

20 

20 

20 

20 

20 

20 

20 

20 

20 

Maximum 

7.3-.3 

109-0 

1-99 

.31-83 

103-10 

150-20 

1.50-95 

146-00 

119-35 

Minimum 

(i2-0 

102-0 

1-44 

18-.35 

01-10 

81-,30 

71-20 

09-80 

4,5-98 

Range ... 

11 -.S 

07-0 

0-55 

1.3-48 

4-2-00 

74-90 

79-75 

76-20 

73-37 

Arit.limetic mean 

OG'.a 

120-4 

1-04 

23-38 

82-01 

107-51 

100-11 

89-87 

81-09 

Standard deviation 

-t2-04 

i:I9-.38 

±0-10 

±4-00 

±13-11 

±18-49 

±24-05 

±19-14 

±17-37 

Coofiicient of variation 

4--13 

1.7-.33 

9-.50 

17-.3e 

1,5-99 

17-20 

24-62 

21-25 

21-42 


The coefficient + 70'49996 is very highly significant (significant even at 0’3 per cent 
level) showing thereby that the body-surface area profoundly influences the blood glucose 
level and that the relationship is direct, i.e. the larger the surface area the higher will be the 
fasting blood glucose values. This direct relationship exists between these probably because 
of the greater radiations from the body. The factor connecting fasting blood glucose values 
and age (between 1 8 and 32 years) is negative and is not significant at 5 per cent level. 
The two factors are, therefore, correlated inversely, i.e. within this age limit, as the age 
advances blood glucose values decrease. However, the magnitude of the coefficient being 
not significant statistically evidence is not sufficient to say that this relationship exists. For 
convenience the fasting blood glucose values of males from 16 years to 32 years having 
body-surface area from 1'25 to 2T2 square metres are calculated and given in Table II 

Table II. 

Blood glucose values iu normal males belirceu the ages of 16 and 32 gears. 

(Values as mg. per 100 c.c. of blood.) 


Age in ye.iri:. 

Body-surfflce 

area in square — _ — _ — — — — 


metres. 

10 

IS 

20 

22 

24 

20 

28 

.30 

32 

1-25 

C.0-54S 

58-800 

.57-184 

55-502 

53-820 

.52-138 

.50-455 

48-773 

47-091 

1-28 

02-003 

00-981 

.59-299 

.57-017 

.5.5-935 

54-253 

52-.570 

50-.S8S 

49-200 

1-31 

04-778 

03-090 

01-414 

59-732 

58-050 

50-308 

.54-085 

53-003 

51-321 

1-.34 

00-.89.3 

0.5-211 

03-529 

01 -.84 7 

00-105 

58-483 

50-800 

.-.,5-118 

53-430 
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Table II — concid 


Age in years. 


18 20 22 24 26 28 30 32 


1-37 

69-008 

67-326 

65-644 

63-962 

62-280 

60-598 

58-915 

57-233 

55-561 

1-40 

71-123 

69-441 

67-759 

66-077 

64-395 

62-713 

61-030 

59-348 

57-666 

1-43 

73-238 

71-056 

69-874 

68-192 

66-510 

64-8-28 

63-145 

61-463 

59-781 

1-46 

73-353 

73-671 

71-989 

70-307 

68-625 

66-943 

65-260 

63-578 

61-896 

1-49 

77-468 

75-786 

74-104 

72-4-22 

70-740 

69-058 

67-375 

65-693 

64-011 

1-52 

79-583 

77-901 

76-219 

74-537 

72-855 

71-173 

69-490 

67-808 

66-126 

I'oS 

81-698 

80-016 

78-334 

76-652 

74-970 

73-288 

71-605 

69-923 

68-241 

1-58 

83-813 

82-131 

80-449 

78-767 

77-085 

75-403 

73-720 

72-038 

70-356 

1-61 

85-928 

84-246 

82-564 

80-882 

79-200 

77-518 

75-835 

74-153 

72-471 

1-64 

88-043 

86-361 

84-679 

82-997 

81-315 

70-633.. 

77-950 

76-268 

74-586 

1-67 

90-158 

88-476 

86-794 

83-112 

83-430 

81-748 

80-065 

78-383 

76-701 

1-70 

92-273 

90-591 

88-909 

87-227 

85-545 

83-863 

82-180 

80-498 

78-816 

1-73 

94-388 

92-706 

91-024 

89-342 

87-660 

85-978 

84-295 

82-613 

80-931 

1-76 

96-503 

94-821 

93-139 

91-457 

89-775 

88-093 

86-410 

84-728 

83-046 

1-79 

98-618 

96-936 

95-254 

93-572 

91-890 

90-208 

88-525 

86-843 

85-161 

1-82 

100-733 

- 99-051 

97-369 

95-687 

94-005 

92-323 

90-640 

88-958 

87-276 

1-83 

102-848 

101-166 

99-484 

97-802 

96-120 

94-438 

92-755 

91-073 

89-391 

1-88 

104-963 

103-281 

101-399 

99-917 

98-235 

96-553 

94-870 

93-188 

91-506 

1-91 

107-078 

105-396 

103-714 

102-032 

100-350 

98-668 

96-985 

95-303 

93-621 

1-94 

109-193 

107-511 

103-829 

104-147 

102-465 

100-783 

99-100 

97-418 

95-736 

1'97 

111-308 

109-626 

107-944 

106-262 

104-580 

102-898 

101-215 

99-533 

97-851 

2-00 

113-423 

111-741 

110-059 

103-377 

106-695 

105-013 

103-330 

101-648 

99-966 

2-03 

113-538 

113-856 

11-2-174 

110-492 

108-810 

107-128 

105-445 

103-763 

102-081 

2-06 

117-633 

115-971 

114-289 

112-607 

110-925 

109-243 

107-560 

105-878 

104-196 

2-09 

119-768 

118-086 

116-404 

114-722 

113-040 

111-358 

109-675 

107-993 

106-313 

2-12 

121-883 

120-201 

118-519 

116-8.37 

1 1.5-1.55 

113-473 

111-790 

110-108 

108-426 


Body-snrface 

area in square 

metres. 

16 


J, SIR 
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The Graph represents the average glucose values. The maximum is reached in i hour 
after the administration of glucose and the minimum in 2 hours. 


Graph. 



The coefficients of correlation between fasting blood glucose and body-weight, body- 
surface area and the blood glucose values at different times after administration of pure 
dextrose and the levels of significance are given in Table III ; — 

Table III. 

Correlation coefficients and levels of their significance. 


Between 


Correlation 

coefficient. 


Levels of 
significance 
(as per cent). 


1. 

Fasting blood glucose and body-weight ... 

0-5971 

0-7 

2. 

>> 

and body-surface area 

0-C47S 

0-3 

3. 

>» 

and blood glucose after i hour 

0-5133 

2-1 

4. 

>) 

„ 1 hour 

0-6180 

0-6 

5. 

If 

„ hours 

0-5260 

1-8 

C. 


„ 2 hours 

0-749G 

Below 0-1 


It will be seen from this that the correlation between fasting glucose and 

weight is significant at 0’7 per cent level and that between the former and bocly-s 
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area is significant, even at 0-3 per cent. This shows that while both bod}’'-weight and 
body-svirface area can alter the values of the fasting blood glucose, such variations due to 
changes in surface area are greater than those due to changes in body-weight alone. 

Table III also shows that the blood glucose values noted after the oral administration 
of glucose vary directly with the fasting blood glucose values. All the coefiScients of corre- 
lation are significant. The values after 1 ho'ux and 2 hours are significant even at 1 per 
cent and 0‘1 per cent respectively showing thereby that the influence of the level of the 
fasting blood glucose on the variations in the blood glucose values at 1 hour and 2 hours is 
exhibited to a greater degree. 


Table IV. 

Vahies in males between the ages of 18 and 32 years. 


Serial 

number. 

Height 

in 

inchea. 

Weight 

in 

pounds. 

Body-surface 
area in 

square taetre.s. 

Age in 
years. 

Blood glucose values 

nt mg./IOO c.c. 

Fasting. 

i hour 
after. 

1 hour 
after. 

li hours 
after. 

2 hours 
after. 

1 

67-0 

134-0 

1-64 

31-83 

85-80 

95-20 

91-30 

90-50 

90-90 

2 

63-5 

122-0 

1-57 

2.3-03 

80-90 

156-20 

106-90 

123-50 

89-50 

3 

64‘5 

loQ-o 

1-77 

21-73 

87-10 

101-00 

111-70 

88-70 

94-30 

4 

67-0 

112-0 

1-5S 

22-88 

77-65 

121-90 

148-10 

114-30 

93-90 

5 

63-0 

118-0 

1-54 

23-39 

64-30 

85-80 

85-50 

83-85 

58-00 

6 

68-0 

136-0 

1-73 

26-70 

71-30 

93-65 

88-70 

84-70 

62-80 

7 

68'5 

150-0 

1-81 

30-13 

80-40 

100-00 

86-40 

86-00 

88-10 

8 

64-3 

120-0 

1-.76 

21-97 

82-OS 

87-08 

100-50 

85-65 

76-39 

9 

66-0 

127-0 

1-04 

21-72 

71-55 

99-60 

61 -.50 

66-20 

59-30 

10 

62-5 

102-0 

1-44 

20-53 

69-00 

101-50 

89-10 

87-70 

06-20 

n 

64*3 

102-0 

1-46 

19-43 

68-70 

125-40 

107-50 

83-30 

90-90 

12 

67-.5 

118-0 

1-01 

25-42 

61-10 

86-90 

62-60 

66-80 

45-98 

13 

os-n 

130-8 

1-70 

21-47 

103-10 

113-60 

99-80 

87-70 

93-00 

14 

71'.5 

159-0 

1-91 

30-77 

103-10 

122-70 

129-00 

14C-0a 

119-35 

LS 

C3-0 

110-0 

1-49 

20-47 

77-95 

101-.50 

97-10 

82-15 

94-90 

16 

02-0 

105-0 

1-4.5 

21-32 

74-20 

81-30 

78-40 

69-80 

69-10 

17 

GS'O 

121-0 

l-6.‘. 

19-.53 

75'85 

107-20 

71-20 

78-70 

71-40 

18 

CS-8 

129-0 

1-70 

18-35 

102-85 

120-50 

117-00 

84-00 

90-50 

19 

68-S 

114-0 

1-Gl 

21-87 

91-70 

124-60 

119-00 

84-20 

76-75 

SO 

73-3 

169-0 

1-99 

25-08 

99-60 

124-60 

150-95 

103-60 

91-50 


UISCUSSION. 


«ntr above indicate that the variations in the normal values are not withoi 

y p rpose, but represent a definite and scientific arrangement for the maintenance of th 
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energy supply necessary for the human machine and that perfect order exists in these varia- 
tions. It is, therefore, imperative to eliminate the influence of this factor (due to body- 
weight or surface area) in studies of blood glucose values if a greater insight into the nature 
of the variations in the blood glucose values in the various pathological conditions is desired. 
The variations found in the blood glucose values in cases .of derangement of carbohydrate 
metabolism (diabetes) are so great that even without the actual calculation of normal blood 
glucose values one can diagnose or treat a diabetic case. However, to recognize the border- 
line cases and for further study of the causes of derangement of the fine mechanisms existing 
in the human system we hope this finding will be of some definite help. Administering 
glucose according to the body-weight has been recognized before, but we feel that the body- 
surface area and not the body-weight should be taken into account since in metabolism 
experiments it is the former that is found to influence the findings, further, the significance 
is greater in samples taken 1 hour and 2 hours after oral administration of glucose. The 
greater the interval between the oral administration of glucose and the time .of taking blood 
the greater will be the relationship between fasting blood glucose level and changes in the 
blood glucose values. This suggests that after a particular time the changes in blood glucose 
values will be governed entirely by the height of the fasting blood glucose level. 

SUMMAEY. 

1. Statistical analysis of glucose values of fasting blood from 20 normal male subjects 
between the ages of 18 and 32 shows (i) that the glucose level of fasting blood is affected by 
variations in body-sm'face area, but not by those in age and (ii) that there is a^ high degree 
of correlation between the glucose levels of blood taken before and after administration of 
glucose. 

2. A multiple regression formula of blood glucose on body-surface area and age is given 
with a table of estimated glucose values. 

The authors wish to thank Dr. Y. C. Chellappa, Mr. P. S. B. Pillai and Mr. Y. V. N. Ayya 
for their kind help and useful suggestions and the volunteers (subjects of this paper) for their 
co-operation. 
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Inteoduction, 

Dcemia extensa is a perennial twining herb of the N. 0. Asclepiadacece. It occurs 
througbout the hotter parts of India, and is known as ‘ Chagulbanti ’ in Bengali and 
‘ Uttaravaruni ’ in Sanskrit. It is a drug of good repute in the Ayurveda, and .amongst its 
multifarious therapeutic uses, mention may be made of its use in uterine complaints and to 
facilitate parturition. The plant is said "to contain a very bitter glucoside. As this drug 
is extensively used in Hindu medicine, we have studied its pharmacological action and 
present the results in this paper. 


Cherhstey. 

For our investigation, the entire plant, including root, leaves, stem, pods, etc., was used. 
One kilogram of the air-dried plant was coarsely powdered and thoroughly extracted with 
rectified spirit. After removing the oily matter with petroleum ether, the dried mass was 
treated with hot amyl alcohol. The solvent was then removed, and the residue successively 
treated with ether, chloroform and ethyl acetate. The final product was found to contain 
a principle of glucosidic nature, having marked physiological activity ; this was dried 
and further purified till the glucoside was obtained in a fairly pure condition. A fresh 1 
per cent aqueous solution of this principle, which gave fairly uniform results in preliminary 
experiments, was used in all the experiments mentioned below. 

Besides this principle, the plant also contains other bitter substances, potassium salts, 
oils, resin, sterol and some reducing sugar. 


Phaemacology. 

The effect of the drug on different organs was studied on frogs, guinea-pigs and cats. 
To.xicity experiments were done on frogs, mice and rats. 

Toxicity . — 35 mg./kg, was found to be the lethal dose in frogs weighing between 250 g, 
and 300 g. ; and that in white mice of average weight 20 g. to 25 g. was 12'5 mg./kg. 


Alimentary system. 

The intestines. — 0‘15 mg./kg. to 0-75 mg./kg, injected intravenously in the cat increased 
the tone and movements of the intestines in situ. This effect disappeared to some extent 
thougli not completely, after admjnistration of atropin. In isolated sections of intestine of 
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cat, kitten and guinea-pig also, the- tone and movement increased even with such dilution^! 
of the drug as 1 in 500,000 [see Graph 1, fig. 6). 

Cardiovascular system. 

The' heart : (1) Mammalian heart in situ. — 0*35'^ mg.jkg. to 0‘6 mg./kg. given intra- 
venously in the cat increased the force of contractions of both auricles and ventricles ; slight 
slowing of the ventricular rhythm with prolonged diastole was noticed. After atropin, the 
force of contractions increased as before, but there was no slowing of the rhythm. With 
toxic doses the heart stops in diastole. 

(2) Excised frog heart : [a) Force and rhythm. — Slight stimulation of beats were noticed 
even in a dilution of 1 in 300,000,000, though the rhythm remained practically unaltered ; 
slowing of the rhythm could, however, be noticed in dilution of 1 in 1,500,000. In lower 
dilutions, the force of beats gradually increased while the rhythm gradually slowed, till in 
a dilution of 1 in 300 the beats became irregular and intermittent, but more and more forcible, 
and the heart ultimately stopped in diastole (Graph 1, fig. 5). 

(6) Outpnt. — In a dilution of 1 in 100,000 the output increased appreciably ; in lower 
dilutions the output increased further. 

Blood vessels. — ^Frog’s blood vessels perfused by Bain’s method showed that 0‘5 mg. 
decreased the. rate of outflow slightly. In higher doses it produced more pronounced results. 
After atropin, the rate of outflow decreased further ; but after ergotoxin the rate remained 
practically as before. 

Blood pressure. — 0‘1 mg.jkg. to I‘45 mg./kg. given intravenously in the cat almost invari- 
ably caused a rise of blood pressure. In some instances an initial fall, quickly reversed, was 
noticed. In certain other cases, a secondary rise higher than the first was observed. The 
rise of pressure did not appear to be proportional to the dose used. With a moderate dose, 
0‘3 mg./kg. to 0'5 mg./kg., a rise of about 20 to 30 per cent of the original, maintained for 
some time, was generally noticed. After ergotoxin, the percentage of rise was higher; 
after atropin, it was much higher ; and after section of both the vagi in the neck, it was 
higher still, though less than after atropin. In the spinal cat, on the other hand, the percent- 
age of rise after atropin was only slightly higher, while in the decerebrated cat, after ergotoxin, 
it was actually lower (Graph 1, figs. 1, 2, 3 and 4). 

Spleen volume. — The volume of • the spleen decreased while the blood pressure was 
increasing. This response did not alter even after atropin or ergotoxin (Graph 1, figs, h 
2, 3 and 4). 

Limh volume. — ^The peripheral limb volume increased with the arterial pressure ; but 
its fall did not correspond wdth the fall of the pressure. After atropin, no change in the 
volume was noticed. 

Genito-urinary system. 

(1) The I'idney. — The volume of the kidney increased with the rise of the blood pressure ; 
the increase persisted even when the pressure decreased. After atropin and ergotoxin, 
the volume practically followed the course of the blood pressure (Graph 1, figs. 1 , 2, 3 
and 4). 

(2) The urinary bindder.— Intravenously O’lO mg./kg. increased the tone and movements 
of the urinary bladder in the cat. After atropin, the movements became slightly sluggish. 
Higher doses tended to produce relaxation of movements. 

(3) The uterus : [a) Uterus in situ. — ^Increased tone and contractions were observed m 
both the pregnant and the non-pregnant uterus of the’ cat, in situ, in doses of 0'05 mg./kg' 
to 1‘0 mg./kg. intravenously (Graph 2, figs, a and c). 

(b) Excised uterus. — The excised non-pregnant uterus of the guinea-pig responded by 
increased tone and contractions in dilution from 1 in 50,000 to 1 in 200,1)00, After treatmen 
in a bath of atropin sulphate, 1 in 100,000 for 20 to 30 minutes, the contractions were smaller 
(Graph 2, figs, c, f and g). 
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Graph 1. 



Effect of dsemia on . , , r i ^ • 

1 and 2.— Cat’s carotid blood pressure, kidney and spleen volumes : before and after atropin, 

3 and 4. — The same : before and after ergotoxin. 

5. — Isolated frog heart. 

0. — ^Isolated pieces of cat’s intestines. 


Graph 2. 
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n and r. — Effect of damiia on pregnant and virgin uterus of cat respectively (in situ), 
b and d . — Effect of pituitrin on the same, e and /.—Effect of dasmia on isolated 
virgm uterus of guinea-pig: before and after atropin. g and h . — Effect of dsmia and 
pituitrin on isolated virgin uterus of guinea-pig respectively. 





Action of dcemia on the ulents as compared loitli that of pitmiriii. 

The pregnant and the non-pregnant uterus of the cat, in situ, and the excised virgin 
uterus of the guinea-pig were all observed to have their tone and contractions augmented 
with dffimia and pituitrin. As regards the ragin uterus of the cat, in situ, the maximum 
contraction produced by OTS units of pituitrin was practically the same as by l'O mg. of 
dffimia, both being given intravenously. The non-pregnant uterus of the multiparous cat 
contracted less with O’bO mg. of dsemia, but more with I'O mg., than with 0-025 units of 
pituitrin, all given intravenously. In the pregnant cat, O'SO mg. of dsemia intravenously 
produced a much higher contraction than 0-01 unit of pituitrin administered sinularly. 
The relaxation which followed was much more complete after d^mia than after pituitrin, 
so that the tone after pituitrin was higher than after dsemia. The frequency of contractions 
was also higher after pituitrin than after dsemia. The excised rirgin uterus of the guinea- 
pig responded practically to the same extent to O'OOOl unit of pituitrin as to a concentration 
of djemia of 1 in 200,000 {Graph 2, figs, a, b, c, d, g and h). 


Discussion. 

From the experimental results, it appears that the drug stimulates all organs having 
involuntary musculature, and also increases the arterial )>lood pressure. Amongst the organs 
containing involuntary musculature, those having plain muscle, like the bladder and the 
intestines, have their contraction diminished considerably, though not completely, after 
atropin. The contraction of the striated involuntary muscles of the heart are not affected 
by atropin, but the rhythm is accelerated. The unstriped muscles of uteri, whether of the 
cat or of the guinea-pig, pregnant or non-pregnant, which are stimulated by dsmia, contract 
less if preriously treated with atropin. The contractions of the frog’s arterioles, which 
normally follow the use of diemia, increase further after atropin, but not after ergotoxin. 
It seems, therefore, that the drug exerts a direct stimulant action on involuntary muscles, 
and possibly also stimulates the post-ganglionic cholinergic nerves in the structures concerned. 
The rise of the arterial blood pressure may be accounted for by increased peripheral resistance, 
brought about by the contraction of the arterioles, together with the increased contraction 
of the heart and the larger output therefrom. 

The action of the drug on the uterus appears to be of importance, inasmuch as, in the 
intensity of contraction produced, it compares favourably with pituitrin ; and though the 
increased tone appears to be sustained at a lower level, it seems possible that this drug of 
vegetable origin may prove to be a worthy substitute for pituitrin. 


SUMJIARY AND CONCLUSION. 

1. _ An active constituent of glucosidic nature has been isolated from Daemia extensa 
in a fairly pure condition, and appears to be toxic to white mice, frogs, guinea-pigs 
and cats. 

2. It has a stimulant action on the involuntary muscles, plain or striated, and a 
pronounced effect on the circulatory system, raising the arterial blood pressure appreciably. 

3. Its action on the uterus appears comparable with that of pituitrin, for which it may 
prove to be a possible substitute. 

•u’l effects appear to be due to (1) the direct stimidation of involuntar}’- muscles, and 
possibly (2) the stimulation of post-ganglionic cholinergic nerves in the structures concerned. 

_ Thanks are due to Drs. M. L. _ Chatterjee and B. S. Kahali, whose earlier works 
with the drug supplied valuable information for the present investigation. Thanks 
are also due to Mr. S. C. Ganguly for his valuable suggestion in the preparation of the paper. 
As for the assistants, who helped ungrudgingly during the course of the investigation, the 
authors have much pleasure m recording herewith their sense of deep appreciation of their 
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During recent years a good deal of work has been done on the functions of the hypo- 
thalamus which are now known to be numerous. It is generally believed that there are 
ser^eral nuclei in the hypothalamus which have been classified into three groups, namely, 
aupra-optic, infundibular and mamiilarv. These nuclei give the reactions of the autonomic 
neWous sykem. Stimulation of the anterior region of the hypothalamus produces increased 
gastric tone and motility (Heslop, 1938), fall of blood pressure and slowing of the heart rate 
(Wane and Eanson, 1940), activation of the bladder {Wang and Harrison, 1939), constriction 
oi the pupil'CHess, 1939), sleep (Hemingway et al, 1940 ; Hess, 1932), vasodilatation, sweating 
and polypnoaa (Beaton et al, 1941 ; Magnon et al, 1938) ; whereas stimulation of the posterior 
region results in inhibition of movement of the large bowel (Sheehan, 1942), acceleration 
of the heart, dilatation of the pupil (Hess, 1939), rage reactions (Fulton and Ingraham, 1929 ; 
Beattie et al, 1930), rise of blood pressure and increase of blood sugar (Beattie et al, 1930). 

As early as in 1909 Karplus and Kriedl had shown that electrical stimulation of the 
hypothalamus produced excitation of the sympathetic nersmus system. Beattie et al. (1930), 
Beattie and Kerr (1936) and Beattie and Sheehan (1934) proved beyond doubt that stimula- 
tion of the anterior region of the hj^othalamus produced a parasympathetic response 
and that of the posterior region a sympathetic one. Beattie et al. (1930) also traced the 
presence of tracts of fibres from the 'hypothalamus to the spinal sympathetic centres. 

Fulton and Ingraham [loe. cit.) had demonstrated that tracts of fibre arise from the 
frontal lobe which go to the hypothalamic nuclei. When these cortico-hypothalamic tracts 
were divided the hypothalamus was released from the cortical control and produced a 
condition of chronic rage in animals. Also in these animals there were evidences of outburst 
of sympathetic activities. They also showed that lesions in the pre-chiasmatic region of 
the hypothalamus produced changes in the behaviour of the animals, an increase in the 
‘ uuidness ’ was produced. Bard (1928) suggested that these subconscious manifestations 
were' probably due to the activity of the posterior hypothalamic region. In lesions posterior 
to the level used by Fulton and Ingraham {loc. cit.) opposite effects were observed; the 
animals which had a tendency to he furious and B'ild became docile. Clark el al (1939), 
working on cats, showed that lesions in the anterior hypothalamic region produced serious 
impairment of heat-dissipating reactions, whereas lesions in the posterior part of the hypo- 
thalamus caused subnormal body temperature. 


Bulatao and Cannon (1925) bad shown that removal of the cerebral cortex was followed 
■by pronounced hyperglycemia and the same effect had also been obtained by Mellanby (1919) 
in cats after section at the level of the superior corpora quadrigemina. On the other hand, 
it is also Itnown that sections of the spinal cord at the level of the upper cervical region always 
produce a fall in the blood-sugar level (Table II, cat a). It is, therefore, noticed that sections 
of the brain and brain stem would produce a condition of hyperglycsemia or hypoglvcffimia 
according as the sections passed through the fore or hinder parts of the brain. It thus" stands 
to reason that it is essential to know the exact level through which the section will pass in 
order to produce the particular effect on blood sugar in experimental animals. An y section 
from the cerebral cortex to the colhculo-chiasmatic plane will invariably produce the condition 
of h}^erglyc!Bima. But though it has been proved beyond doubt that stimulation of the 
posterior hypothakimc region produces hyperglycaemia yet the most anterior plane through 
which the section is to be made m order to abolish this hyperglycaemia effect is not definitely 

.ranum- 33rd Session of the Jndian Science Congress held in 
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kn own. Brooks et al. (1941) in their study on hyperglycgeniia produced by morphine in normal 
cats showed that decerebration at the mid-collicular level produced no rise of blood sugar 
with morphine. But these observers had not mentioned the plane of the section; their 
lower limit of the section had not been given. It was, therefore, decided to undertake 
this investigation in order to ascertain, as accurately as possible, the most anterior plane 
through which decerebration will have to be performed so as to abolish the hyperglycmmic 
ejSect of the hypothalamus. 

Cats were used in all these acute experiments and urethane was employed as the 
anesthetic unless otherwise stated. Urethane itself produced a marked and persistent rise 
of blood sugar in anesthetized cats, A characteristic result is given in Table I. Decerebra- 
tions were performed at different levels and the results on the blood sugar were recorded. 
A typical record of the hyperglycemic effect that was observed in cats when the plane of the 
section passed from the anterior border of the superior corpora quadrigemina above to the 
posterior border of the optic chiasma below had been shown in Table II, cat h. It would be 
noticed that there was a marked, persistent and steady rise of blood sugar. Similar results 
were also obtained when decerebration was done through the same plane under chloroform 
and ether anaesthesia. But when the plane of the section passed through the colliculo- 
infundibular plane, i.e. from the same point above to the anterior border of the infundibulum, 
the results were variable. Finally, it was observed that when the lower limit of this section 
was shifted further and further backwards so that it passed through or behind the mamillary 
bodies, i.e. decerebration was done at the colliculo-mamillary plane (Plate I), there was always 
a progressive fall in the blood-sugar level of the animals. It was also observed that when 
the plane of this section passed from the micl-collicular space above to the mamillary bodies 
below, either through or behind the mamillary bodies, it produced then same effect. Any of 
these animals that showed clotted blood at the site of the section was discarded because the 
irritation produced by the clot vitiated the results. Two typical results of the section at 
the colliculo-mamillary plane are given in Table II, cats c and d. 




Table I. 


Weight of oat 
in grammes. 

Femoral vein blood sugar, in mg./per cent, in iircthanized cat at intervals of 15 minutes. 

Male 2,575 ... 

174 186 210 

216 235 250 264 276 

295 320 364 



Table II. 


Weight of cat in 
grammes. 

Blood sugar (mg. per Nature of operation, 

cent) before operation Interval between last pre-opcrativo 

at intervals of 16 minutes. and first post-operative samples of 

Urethane anajsthesia. blood is 1-1 hours. 

Blood sugar (mg. pcr 
cent) after operation 
and post-operative rest. 
Intervals between succes- 
sive samples are 

16 minutes. 

(a) Male 3,000 ... 

210, 220, 230, 230 

Spinal preparation 

235, 230, 226, 217, 188- 
177. 

(ii) Female 2,590 

165. 169 

Level of decercbration — superior cor- 
pora quadrigemina and posterior 
border of optie chiasma. 

228, 235, 253, 260, 267, 
276, 284, 296, 30a. 

(c) Male 2,910 ... 

190, 210, 210 

Level of decercbration — superior cor- 
pora quadrigemina above and 
mamillary bodies below. 

198, 190, 186, 181, no. 

{d) Male 2,000 ... 

238, 243 

Level of deccrebration — superior cor- 
pora quadrigemina and mamillary 
bodies. 

238, 232, 222, 222, 212, 
202, 186. 
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Plate I. 



Figs. 1 and II.— Brain of cat, section through the cailicnio-mamiliaTy plane. 

Eig. I. — Viewed from below. — 

O. 31. — Corpora maraillaria (out posterior margin). 

P — Pons. 

Pig. II. — ^Viewed from above, cerebellum removed. — 

S.C. — Superior corpora quadrigemina. 

P. C. — Peduncles of cerebellum. 

Fig. III. — A median sagittal section of the brain of cat, showing the position 
of the section through the coUiculo-mamiUary plane (n-6). 

S.C. — Superior corpora quadrigemina. 

I.C. — Inferior corpora quadrigemina. 

O.C. — Optic chiasma. 

a — Anterior border of superior corpora quadrigemina. 
b — ^Mamillary body. 

P — Pons. 

a-b — Level of section through the colliculO'mamillar3' plane. 




Summary. 

The most anterior plane through which section is to he made to abolish 
glycffimic effect of the hj’pothalamus passes through the anterior border of 
corpora quadrigemina above and mamillary bodies below. 


In conclusion, the author wishes to thank Lieut. -Colonel E. Linton, n.so., 
Principal, Medical College, Calcutta, for kindly giving him all facilities 
this work. Though this work was started in 1942, for various reasons it was 
to finish it earlier. Thanks are also due to the author’s assistants for help in 
this work. 
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In tMs paper the author has made a study of the comparative action of some quinine 
derivatives ■which have been formed from hydroquinidine by altering the methoxy group. 
Ethyl hydrocupreidine has been formed by changing the group OCH3 into OC2H5, and 
propyl, butyl, amyl, etc., have been obtained by substituting the higher alk)d groups. These 
compounds ■were synthesized by Ghosh and Chatterjee (1931, 1932) of the Calcutta School 
of Tropical Medicine and were supplied to the author. 

A comparative study of the action of some similar quinine derivatives bad been made 
by other workers, and the author, working in collaboration with the late Professor W. E. Dixon 
of Cambridge (Dixon and De, 1927), showed that the intensity of action varied with the 
change of its structure. These bases being insoluble, their hydrochlorides were used in 
all these experiments. The efiects of hydroquinidine, ethyl, iso-propyl, iso-butyl, iso-amyl 
and sec-octyl hydrocupreidines have been studied. 

Action on isolated iuiesiMie.— Comparative effects of different derivatives were studied 
on isolated pieces of intestine of kitten. Each drug was tested on several strips of the 
intestine in different dilutions. Hydroquinidine in dilution of 1 in 80,000 slightly increased the 
height of automatic movements and the tone, whereas ethyl hydrocupreidine though it 
reduced the tone, did not markedly reduce the automatic movements which in some cases 
continued for a long time. Further, it has been observed that alter some time these latter 
movements even had a tendency to increase. With the rest of the derivatives when tested 
with the higher and higher members of the series in the same dilution a progressive diminution 
of the tone and automatic movements was noticed. With the concentration of 1 in 40,000 
and above, all these compounds had a depressant action on the tone and automatic movements 
of the isolated intestinal loops. The intensity of action was steadily increased from 
ethyl hydrocupreidine as higher and higher members of the series were tried and the 
maxunum effect was observed -with iso-amyl hydrocupreidine (Graph 1, figs, a to/). The 
loss of tone of the intestinal muscle was very significant as it had been noticed that the tone 
and automatic contractions of the plain muscle of the uterus were increased. A similar 
increase of tone of the plain muscle of the uterus was also observed by the author while 
working with some other quinine derivatives in collaboration 4vith late Professor W. E. Dixon 
(loc. cit.). Like other derivatives, especially quinidine, these substances in many instances 
changed the irregular and asynchronous contractions of the intestine into regular ones. 


Action on the cardiovascular system. 

Intact animal. — ^The effects of aU these derivatives were tested on cats antesthetized ■with 
chloralose. In, adequate doses they showed a depressant action on the blood pressure ; 
this effect was least with hydroquinidine ; in some cases hydroquinidine produced a sh^ht 
rise of blood pressiue after a slight fall. Iso-butyl and iso-amyl hydrocupreidine derivatives 
always caused a marked fall (Graph 2, fig. a). The sec-octyl hydroeupieidine, in practicallv 
every case, showed a fair rise after a moderate fall (Graph 2, fig. b). When injections were 
given slowly into the femoral vein the volumes of the intestine and kidney increased in 
proportion to the fall of blood pressure (Graph 2, fig. c), and the increase in volume alwavs 
preceded the fall of blood pressure thus showing that the fall is at least partly due to the 


* Physiology Section of the 33rd Session of the Indian Science Congress held in 
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dilatation of the vessels. An exception, however, was observed in case of sec-octyl hydro- 
cupreidine. The kidney volume was found to be diminished with the rise of the blood 
pressure observed with the sec-octyl derivative (Graph 2, fig. h). Constriction of these vessels 
was possibly the cause of this rise of blood pressure. In case of jtronounced rise of blood 
pressure the kidney and the intestinal volumes, especially the latter, showed an increase 
following the rise of blood pressure, signifying that this increase in volume is due to passive 
dilatation of vessels of these organs. A sharp and immediate fall of blood pressure was 
observed after rapid intravenous injection of these derivatives. A part of *feis effect at least 
must, therefore, be attributed to the depressant action of these derivatives on the 
m 5 mcardium. 

Pulmonary 'pressure . — ^Records of the pulmonary pressure were taken in cats anaesthe- 
tized with chloralose, with a manometer filled wdth half-saturated solution of sodium sulphate. 
The hydroquinidine showed a slight rise followed by a fall in most instances ; whereas with 
the higher and higher members of the series a more and more marked rise was noticed, and 
the subsequent fall which was observed in the case of hydroquinidine practically disappeared. 
Iso-butyl and iso-amyl hydrocupreidine derivatives showed a marked rise of pulmonary 
pressure only. The subsequent fall observed especially with hydroquinidine was probably 
caused by the fall of systemic blood pressure due to the dilatation of blood vessels in other 
parts of the body. A careful study of the tracing showed that the pulmonary pressure rose 
immediately and the systemic pressure fell after a few seconds. It is, therefore, evident 
that the drug reaching the right side of the heart first was a determining factor in the rise 
of the pulmonary pressure (Graph 2, fig. a). The high rise observed especially with iso-butyl 
and iso-amyl hydrocupreidine was probably due to the constriction of the pulmonary vessels. 
To prove this, experiments were performed in which the left auricular pressure was recorded 
by pushing a cannula into the left auricle through a pulmonary vein. A fall of pressure was 
observed. This is possible in the case of constriction of pulmonary vessels. Experiments 
were also performed to see how the effects of these derivatives on the pulmonary pressure 
compared with the effects of quinine and it was observed that the rise of the pulmonary 
pressure with these derivatives was always greater than that due to quinine. 

Isolated heart . — The heart of kittens perfused with 1 in 60,000 strength of hydroquinidine 
showed in a few cases a very slight increase in amplitude, and in other cases no effect whatso- 
ever was observed, whereas the same dilution of the other members of the series showed a 
diminution of the amplitude of contraction which was followed by slowing, when the 
perfusion was continued for some time. The maximum effect was observed in the case 
of iso-amyl hydrocupreidine, which showed a fair reduction of the amplitude of contraction 
even in 1 in 100,000 dilution (Graph 1, fig. g). Occasionally, the diminution in the amplitude 
of contraction was followed by an increase in the amplitude in cases of iso-propyl and sec- 
octyl hydrocupreidines in weaker solutions. With stronger solutions the heart always showed 
a reduction of the amplitude with every member of the series (Graph 1, fig: h). The coronary 
outflow was reduced with the reduction in amplitude. 

Myocardiograph experiments . — The contractions of auricles and ventricles were recorded 
separately. Injections of hydroquinidine in 5-mg. doses produced a slight increase in the 
amplitude of contraction of both auricles and ventricles, whereas injections of similar doses 
of the other derivatives showed more or less reduction in the amplitude of contraction, tins 
being especially evident in the case of iso-amyl hydrocupreidine. The sec-octyl derivative, 
however, with the same dose, produced dilatation of both auricles and ventricles and their 
force of contraction was reduced. 

Ttespiratory system . — The effect of these derivatives on bronchioles was recorded on 
urethanized or chloralosed cats. It was observed that injections of 5 mg. of hydroquinidine 
or ethyl hydrocupreidine had practically no effect ; while a bronchial constriction-like eflec 
was observed vdth the other derivatives. This effect was very intense with iso-amyl hydro 
cupreidine and sec-octyl hydrocupreidine, especially when the doses were repeated. Fnrtne , 
it was observed that this effect was a lasting one, and was not relieved by injections o 
adrenalin or atropine. This effect, combined with the fact that these derivatives produce 
a rise of pulmonary pressure by producing constriction of the pulmonary vessels, supes . 
strongly that the so-called bronchial constriction-like effect is due to oedema of the lungs. 
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(a) to (/)— fehon the effect of application of various quinine derivatives to 
isolated pieces of intestine of kitten. Strengtli of derivatives in solution 
is 1 in 40,000 in each case, (a] — Hydroquinidinc, (6) — Kthjl Iiydrooupre- 
idine, (c) — Iso-propyl hydrocupreidinc, (rf) — Iso-butyl hydrocupreidine, 
(e) — Iso-amyl hj-drocupreidine, (/) — Sec-octyl hydrocupreidine, (y) and 
(//) — Perfusion of isolated hearts of kitten with Locke’s solution; 
(ff) — Shows the effect of 1 in 100,000 solution of iso-amyl hydrocupreidine, 
(/i) — The effect of 1 in 20,000 solution of sec-octyl hydrocupreidine. 
Time — G seconds. 




Graph 2. 
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(«) — Male cat, 2,1540 g. cblocalose. Pulnionaiy pressure above and 
carotid blood pressure below, fallows tlie effect of injection of 2'5 mg. 
of iso-butyl hydrociiprcidinc in the femoral vein. 

Time — 0 seconds, 

(6) — Jlule cat, 2,290 g. chloralosc. Kidney volume above and carotid 
blood pressure below. (Shows the effect of injection of 5 mg. of 
sec-octyl hydrocupreidinc in the femoral vein. 

Time — 6 seconds. 

(c) — Slale cat, 2,320 g. chloralose. Intestinal volume above and carotid 
blood pressure below. Shows the effect of injection of 5 mg. of 
iso-propyl hydrocupreidinc in the femoral vein. 

Time — G seconds. 


A similar effect had been observed by Dixon and De (?oc. cit.), while working with some other 
quinine derivatives. On section, these lungs exuded a frothy fluid on pressure. 

Discussion. 

The derivatives of this series have a depressant efiect on plain muscles and produced 
a fall of blood pressure, due partly to the effect of dilatation of the vessels of the organs and 
also partly to the depressant action of the drugs on the myocardium. The force of contrac- 
tion of the heart has been shown to be reduced. The rise of blood pressure observed with 
sec-octyl hydrocupreidine is due to vasoconstriction of the organs of the body ; the kidney 
volume has been shown to be diminished. The dilatation of auricles and ventricles, observed 
with the experiments on myocardiograph with sec-octyl hydrocupreidine, is also due to this 
vasoconstriction . 

These derivatives produced a rise of the pulmonary pressure and a fall in the left auricular 
pressure. These have been shown to be due to the constriction of pulmonary vessels, 
possibly of the venules. The constriction of the arterioles, though it will produce a rise 
of the pulmonary pressure, will not produce an cedema of the lungs ; this effect is only 
possible when the pulmonary venules are constricted. A similar effect was observed by 
Dixon and De (foe. cit.) working with other quinine derivatives. Therefore, it can be taken 
that the pulmonary oedema is a secondary effect of the rise of the pulmonary pressure and 
is due to constriction of the pulmonary venules. 

Summary. 

The intensity of action was increased from hydroquinidine and ethyl hydrocupreidine 
as derivatives higher and higher jn the series were tested. The sec-octyl hydrocupreidine 
behaved a little differently. All these derivatives in adequate doses had a depressing action 
on the plain muscle of the intestine and the cardiac musculature. The fall of blood pressure 
was partly due to the depression of the myocardium and partly to the dilatation of vessels 
of the organs. There was a rise of pulmonary pressure, due to the constriction of pulmonary 
vessels. Pulmonary oedema was observed with higher members of this series. 
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Introduction. 

An analysis of the extensive literature on the subject of coagulation of blood reveals 
an unusual similarity in the methods of attacking the problem. Most of the workers have 
attempted to separate, in a state of purity, the substances assumed to take part in the act 
of clotting. Using varying methods, plij’^sical and chemical, they have obtained from the 
delicate protein complexes concerned, fractions which in some cases have been given different 
names by different workers while in other instances fractions known by the same name are 
different in character. Howell (19.35) holds the view that no satisfactory progress towards 
uniformity of results is to be expected until the various reagents like fibrinogen, prothrombin, 
etc., can be prepared in purified and standardized form. Undoubtedly, the recent work of 
Cohn (1945) and his associates in the fractionation of plasma proteins has yielded results of 
great importance, e.g. the use of gamma globulin in measles and of fibrin films in wounds. 
Philpot (1945) comments : ‘ The monograph on the proteins of blood serum by Kai 0. 
Pederson from Prof. Svedberg’s laboratory at Upsala biifigs home forcibly the present 
complexity of the subject, idthough any one of the’ normal methods of analysis gives 
apparently clear-cut fractions, each fraction when analysed by some other method usually 
turns out to be a mixture. After a heroic attempt to achieve a complete separation, chiefly 
by means of ammonium sulphate with ultra-centrifugal analysis, Dr. Pederson had to confess 
defeat.’ In addition to these difficulties, there is an inherent defect in this method of 
approach in that substances thus obtained after drastic and repeated chemical and physical 
treatment may not necessarily be the same or have the same properties as the ori^nal finely 
balanced complexes of the plasma and serum. A new approach to the subject, using native 
substances in the plasma and serum as far as possible and making a study of anti-coagulants 
of various types and their mode of action, was considered likely to throw some light on the 
matter and the following investigations were carried out along these lines. 


Materials and methods. 

The major part of the work has been canied out on blood taken from apparently normal 
healthy sheep. To test for the possible effects of difference in species on the mechanism of 
clotting, small numbers of other animals including monkey, rabbit, guinea-pig and fowl from 
good healthy stock have been used. Specimens of human blood have been obtained in the 
course of the routine work of the clinical laboratory, excluding those specially collected from 
patients with pneumonia and pregnancy from the local hospitals. The occasional use of 
oxalated blood for estimation of sedimentation rate is explained by the above. 

Blood has been collected from the sheep from the jugular vein pnder aseptic precautions 
into sterile test-tubes containing the reagents in accurately measured quantities. After 
the obsenmtion that vigorous shaking for more than 5 minutes, even vdthout glass-beads, 
tended to result in varying degrees of defibrination of blood, only the minimum of shakino- 
required to mix the blood and the reagent has been used. Plasma has been separated bv 
centrifuging for 15 minutes at 2,500 r.p.m. The serum collected has been used in the 
either in its active state or inactivated at 56°C. for 30 minutes or oxalated by 
the addition of Od c.c. of a 2 per cent solution of potassium oxalate for each cubic centimetre 
01 serum. Blood also has been oxalated in the same proportion while it has been citrated 
y the addition of 0-25 c.c. of a 3-8 per cent solution of sodium citrate for each cubic 
blood So far as other reagents are concerned, stock solutions have been 
iited and used and the final dilution of the reagent in the system concerned is indicated in 
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the text by the nnmlier following. Thus, formalin 200 means formalin ] in 200 or O'.'i 
per cent, and Mnc sulphate 500, a solution of ;iinc sulphate in the strength 1 in 500 or 0'2 
per cent in the final volume of blood or plasma and reagent. To eliminate the possibility 
of impurities in the reagents interfering with the results, in addition to using high-grade 
chemicals, experiments have been repeated, using the same reagent made by different 
manufacturers, e.g. commercial formaldehyde by Gurr, Merck, Schering-Kahlbaum and 
Evans, calcium chloride by May and Baker, Merck and other firms. 

Filtration of plasma and serum has been carried out in a Seitz filter, using Ford’s steri- 
mats (G. S.) grade. Brain extracts used have been obtained from fresh guinea-pig or rabbit 
brain, 1 g. per c.c. of normal saline. 

The experiments have in general been carried out in test-tubes 100 mm. x 12-5 nun. 
in size and, unless otherwise mentioned, at room temperatures, which for the particular 
laboratory ranged from 19°C. to 24°C. Unless otherwise stated, equal quantities of material 
like plasma and serum or plasma and calcium chloride solution have been used usually, 
in quantities of 0‘5 c.c. or 1 c.c. The calcium chloride solution used to induce clotting in 
citrated and oxalated blood and plasma was of 0’25 M. strength, as in Quick’s prothrombin 
time test. 

The occurrence of clotting, gel-formation, etc., in the experiments were confirmed by 
microscopical examination of the material. This is essential as agglutination, gel-formation 
or coagulase production under certain circumstances are liable to be mistaken for clotting 
if reliance is placed on naked-eye appearances alone. 

Specimens of blood from over 70 sheep, 30 human patients, 10 guinea-pigs and 6 rabbits 
have been used in the experiments, in addition to samples from fowl, monkey and 
chameleon. 

Commercial formaldehyde . — During the course of experiments on erythrocyte sedimenta- 
tion rates, the presence of commercial formaldehyde in small quantities was found to retard 
the E.S.E. and in larger amount, to inhibit it completely as shown in Table I : — 


Table I. 


Clinical condition. 

E.S.R. in mm. 
(citrate or oxalate). 

E.S.R. in mm. 
formalin. 

Dilution 

of 

formalin. 

Remakks. 

1 hour. 

2 hours. 

1 hour. 

2 hours. 

Normal 

3 

10 

Nil 

Nil 

200 

Formalin .alone. 

Tuberculosis lung 

109 

112 

Nil 

Nil 

25 

yy 

Malaria 

150 

167 

70 

127 

200 

yy 

Pneumonia 

63 

97 

Nil 

1 

50 

yy 

Pregnancy 

56 

83 

Nil 

1 

100 

yy 

Bronchitis 

13 

30 

Nil 

Nil 

25 

Formalin and oxalate. 

Tropical eosinopliilia ... 

24 

39 

2 

5 

200 

yy 







— 


Further -work showed that formalin possessed a powerful anti-coagulant action on ic 
blood of various species tested, e.g. man, monkey, sheep, rabbit, guinea-pig and fo^^' ? 

commercial formaldehyde is known to contain varying amounts of formic acid anc 
methyl^ alcohol, it was necessary to determine whether they influenced the reaction. 
Accordingly, to a number of tubes each containing 1 c.c. of sheep blood were added Oyac.c. 
respectively of normal saline as control, of methyl alcohol and formalin separately m imaj 
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dilutions of HO, 100, 200 and 400, and of formio acid in diliH ions fSO, 1 00, 500 and 1 .000. Clot- 
ting took place within 10 minutes in all the tnl)e.s excepting those containing formalin, where 
with dilution 400, clot formed in 35 minutes and with dilutions 50, 100 and 200, no clotting 
occurred, even at the end of 72 hours. Crystals of sodium formate were found to be 
anti-coagulant but sodium formate in solution in dilutions 100 to 8,000 bad no^ effect on 
clotting and in dilutions 25 and 60, clotting occurred within 10 minutes. It is evident from 
the above that the anti-coagulant action is exerted by formaldehyde alone. 

Similar experiments using acetaldehyde, paraldehyde, acetone, ethyl alcohol and mercnry 
perchloride in dilution 200 showed that none of them had anti-coagulant properties. 

The minimum effective concentration of formalin was determined by adding to tubes 
with 1 0 . 0 . of sheep blood varying dilutions of fonnabn, i.e. 100, 200, 260, 300 and 350. While 
the saline control clotted in 5 minutes, clotting took place in 10 minutes with dilution 350, 
in 15 minutes in dilution 300 and in 25 minutes in 250. There was no clotting with dilutions 
100 and 200. A series of such experiments showed that formalin 200 prevented coagulation 
in the normal blood of various species. The few exceptions noted in sheep and man will 
be discussed later. 

Commercial samples of formalin are known to be acid in reaction (pH 4 approximately). 
To decide whether the acidit}-' was responsible, neutral formalin was prepared according to the 
method suggested by Todd and Sanford (1939). Its pH was adjusted to 7-4. Experiments 
using neutral formalin showed that (1) the anti-coagulant action of formalin is unaffected by 
adjustment of pH to neutrality, and (2) the minimum effective concentration of neutral 
formalin is the same as that of commercial formalin, viz. 1 in 200. Neutral formalin were 
subsequently used in this work. 


Attempts at producing clotting in formolized blood and plasma by the addition of calcium 
chloride solution, serum, brain extract with or udthout calcium all ended in failure. 
Apparently, blood and plasma on treatment with formalin become permanently incoag- 
ulable. Citrated or oxalated plasma, usually liable to be clotted with such treatment, also 
become incoagulable in the presence of formalin. The only other anti-coagulant found to 
have a similar permanent action was zinc sulphate solution. The similarity between blood 
treated with formalin or zinc sulphate and defibrinated blood, as regards permanent incoagul- 
ability and retardation of the E.S.K., suggested that, in all these cases, incoagulability 
is due to the fibrinogen being either chemically altered or removed. Blood from the same 
animal was received into separate tubes containing formalin 100 and 200, sodium carbonate, 
potassium carbonate, trisocKum phosphate and sodium fluoride 200, zinc sulphate 200 and 
500 and the usual strength of citrate and oxalate. A saturated solution of sodium chloride 
was added to the plasma from these specimens of treated blood, in -equal volumes. Fibrin- 
ogen was precipitated in all the tubes excepting those with formalin and zinc sulphate. 
Obviously, in the other tubes, the anti-coa^ant action is exerted on other material, while 
with formalin and zinc sulphate, the action is on fibrinogen. Either the fibrinogen is in a 
soluble stable form or it has been precipitated earlier and carried down in the deposit in 
centrifuging. To decide this issue, citrated plasma in equal quantities was taken in four 
tubes, one kept as control and the others treated with formalm, neutral formalin and zinc 
sulphate solution respectively. After half an hour, sodium chloride saturated solution was 
added to the four tubes. Fibrinogen was precipitated in the control tube but not in the 
tubes with formalin, which showed slight opalescence. In the zinc sulphate tube, a slight 
precipitate was formed which became more marked on further addition of zinc sulphate. 
It would seem that zinc sulphate precipitates other protein fractions also, in addition to acting 
on fibrinogen and making it incoagulable. Formalin, on the contrary, keeps the fibrinogen 
m a soluble stable form, not precipitable on half saturation. The fact that formalin prevents 
coagulation by its action on fibrinogen does not necessarily mean that it has no other action 
on blood. Its well-known action on serum globulin is the basis of the formol-eel test and 
has been utilized in a quantitative estimation of globulin by %dscosity measurement by Foster 
Biguria and Adams (1943). The increase in mscosity of blood treated with formalin mav he 
one of the factors m the retardation of the E.S.B., apart from the change in fibrinoeen which 
1.™ Ae .ction. It rfl ,,e sI,o,„ later that i Kae probably an fcHon o„ pSotwn 
also. Begardmg its action on fibrinogen, mention was made earlier of certain excepSs 



wliere Wood from several slieep and one man clotted in. spite of tlie of formalin. Tlie man 
was known to be suffering from a severe infection with P,^vivax and, his blood clotted '.within 
10 minutes with formalin 200, in 6 hours with formalin 100 and in 7 hours with formalin 60. 
These apparently contradictory findings can be explained easily if it is assumed that foimaliu 
reacts with fibrinogen on a quantitative basis. Fibrinogen is known to be increased in a 
number of conditions from the normal 250 mg. to 400 mg. per cent to such high figures as 1,5C0 
mg. per cent, for example, in pneumonia. Any such increase will require proportionately 
larger amounts of formalin for anti-coagulant effect. This hypothesis was put to the test 
by collecting specimens of blood from the local hospitals from patients with pneumonia and 
pregnancy, in formalin 200, 100, 50 and in citrate as control. The citrated .blood did not 
clot while all the specimens in formalin 200 clotted within 2 hours. Those in formalin 100 
did not clot with one exception, which required formalin 50 to prevent coagulation. The 
above findings strongly suggest that formalin reacts with fibrinogen on a quantitative basis 
in the reaction which prevents coagulation. 

How exactly formalin acts is not clear. Quite possibly, its action on fibrinogen may 
he the same as that on amino-acids, as in Sorensen’s formol-titration method. Mathews (1936) 
holds that the free amino groups in the protein molecule may be blocked by formaldehyde, 
so that proteolytic enzymes which normally combine with protein at this point can no longer 
unite with it. The detoxication of ricin, diphtheria toxin and other poisons by formaldehyde 
is explained by him on the basis of this mechanism. 

During the course of this work, the efltect of formalin on blood was also studied from 
other angles. Its well-known jrreservative action is exerted on blood as on other tissues. 
Formolized blood keeps well for days with very little change, in sharp contrast to oxalated 
blood. Thus, blood from the same rabbit was taken, treated with oxalate in one tube 
and formalin in another. Small quantities were kept in sealed ampoules. Total and 
differential leucocyte counts on the day of collection and after 5 days gave the results shown 
in Table II : — 


Table II. 



FmsT 

DAY. 

Sixth 

DAY. 


Oxalate, 

Formalin. 

Oxalate. 

Formalin. 

Total leucocj'tes 

8,800 

8,400 

o,.-.oo 

8,300 

Neiitrophiles ... 

40 

38 

Cells too 

f 

Eosinophiles ... 

3 

2 

badly de- 
- generated ' 

2 

Basopliiles 

Nil 

Nil 

for identi- 
fication. 

j h il 

Lymphocytes and monocytes 

ru 

60 ^ 


'• 67 


If neutral formalin is used, there is very little difference in staining reactions exccp 
that the leucocytes take up the stain more efficiently with Toisson’s diluting fluid. ^ 

blood can be used for some of the biochemical tests, e.g. serum calcium estimation by 1 1 
method of Kramer and Tisdall gave the following result : Plain serum, 11 ‘5 mg. per cen . 
formolized plasma, 11'4 mg. per cent. Blood-sugar estimation by Maclean’s metho o 
oxalate-fluoride blood and formol blood was found to give identical results, e.g. 82 
cent, while oxalate blood in the same case after 24 hours gave 70 mg. per cent. This nn n r 
is supported by the work of Denis and Aldrich (1920) who advocated the use of formalin 
a preservative for oxalated blood intended for sugar determination by the Folin-Mu me i - 
They used one drop of formalin to 5 c.c. of blood and pointed out that larger amounts, 
not necessary, did not interfere with the estimation. They found that glycolysis 
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prevented by formalin even after 96 hours at 20°C. to 23*0. and that blood so treated was 
suitable for determination of creatinine and uric acid, but that values obtained for non- 
protein nitrogen and urea bj" urease method were invariably low. Formalin can therefore 
be used as a preservative for specimens of blood for certam microscopical and biochemical 
tests when there is likely to be delay between collection and examination. 

Zivc sulj)]iate . — The anti-coagulant action of zinc salts has been recognized as far 
back as 1925 bj^ Lumiere and Coutmier (quoted by Pickering, 1928). Melon (quoted by 
Pickering, he. cit.) believed that the activities which normally lead to the production of 
thrombin are restrained. Experiments have already shown that zinc sulphate acts, like 
formalin, on fibrinogen but,. unlike formalin, it seems to precipitate an altered fibrinogen. 
It is very powerful in action, a 1 in 1,000 dilution consistently preventing coagulation and a 
1 in 2,000 dilution frequently doing so. Like formalin, it seems to have an action on other 
plasma proteins and it increases the viscosity of blood markedly in dilutions 200 and 500. The 
sedimentation rate is retarded. Another interesting observation made is that zinc sulphate 
200 has the property of altering the erythrocytes so that they are not lysed on treatment with 
distilled water as well as with the appropriate amboceptor serum. A suspension of the treated 
erythrocytes in 20 or 30 times its volume of distilled water remained perfectly unchanged, even 
after 10 days. A slide prepared' from the material and stained with Leishman’s stain showed 
red cells with the usual outlines and colour. But for the toxicity of zinc sulphate, this property 
could be investigated further with a view to treatment in cases of heemoglobinuria. 

Calcium chloride . — ^The importance of calcium in clotting has been well recognized, though 
not entirely explained. The statement that calcium chloride is an anti-coagulant is therefore 
bound to be a surprise. In an attempt to find out how far an increase in the calcium chloride 
concentration hastens the onset of coagulation in plasma, it was found that after a certain 
level, contrary to expectation, it not only does not shorten but definitely prolongs coagulation 
time. The test on being carried to its logical conclusion revealed that in higher concentra- 
tions calcium chloride is an anti-coagulant. From several experiments, such as the one 
summarized in Table III, it was found that anhydrous calcium chloride (Merck) prevented 
coagulation in final concentrations of 2‘5 per cent (1 in 40) and above. 

Table III. 


Sheep blood. 


Calcium chloride, 
conen. : 


Result. 


1 c.c. 


1 

in 

500 

Clot within o minutes. 

1 c.c. 


1 

in 

200 

Clot within 5 minutes. 

1 c.c. 


1 

ill 

100 

Clot within 30 minutes. 

1 c.c. 


1 

in 

6O3 

Clot within 24 hours. 

1 c.c. 


1 

ill 

oO 

Xo clot. 

1 c.c. 


1 

in 

331 

No clot (o days). 

1 c.c. 


1 

in 

1«5 

No clot {.j days). 


The inhibiting action of calcium above a certain concentration has been noted, in the case 
of clotting by Quick (1935) who quotes Gordon, Whitehead and Wormall as reportino- its 
similar action in inhibiting complement activity. Other ionized salts are known to depress 
the activity of complement and of coagulation. It is likely that the anti-coagulant action 
of magnesium sulphate, sodium sulphate, sodium chloride and ammonium sulphate in certain 
concentrations is of a similar natine. Dilution brings about clotting in blood or •nla«;mu 
treated with the salts. Blood treated with calcium chloride was therefore diluted with normal 
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saline and it clotted within 5 minutes, when the dilution was sufficient to bring down tlie 
level of calcium chloride to below 2 per cent. The addition of distilled water in great excess 
had the same result, with one difference, i.e. immediate haemolysis took place. The whole 
process of clotting could be observed taking place in a transparent medium within 5 minutes 
or even less. Calcium chloride in higher concentrations therefore appears only to hold up 
the reaction that culminates in clotting, ■without in any way changing the components taking 
part in it. The neutral salts may be regarded as having a similar action. The better known 
property of calcium chloride as a coagulant is dealt with in the work on oxalated and citrated 
plasma. 


Sodium taurocliolate. — ^Miles (1946) in a report to the hledical Research Council on the 
E.S.R. in infective hepatitis has reported a definite inhibition of sedimentation when bile 
salts are added in the strength of 25 mg. per 100 c.c. Sodium taurocholate was added to blood 
and it was found to be a weak anti-coagulant, 1 in 100 being enough to keep the blood fluid. 
It had a strong tendency to produce haemolysis, Taurocholate blood and plasma clotted 
in 30 minutes on dilution with an equal quantity of water, while an equal quantity of senini 
clotted it in 2 minutes. Its action seems to be due to its concentration, like that of calcium 
chloride, and it only suspends the reaction. 


Potassium carbonate, sodium carbonate and sodium j^bosphate. — ^In view of the similarity 
between complement activity and the coagulation process with regard to calcium, it was 
felt that change of pH may affect the latter also. Acids and the hydroxides of sodium and 
potassium were found unsuitable for this study owing to their permanent fibrinolytic action. 
The carbonates of sodium and potassium and the phosphate of sodium- were selected for tnal 
because they have a pH over 10 without any immediate fibrinolytic action. All the thr^ 
substances in dilution 200 were found to be anti-coagulant and the treated plasma had a pH 
between 9 and 10. The addition of 0‘5 c.c. of a very dilute solution — about 0‘025 per cent 
strength — of hydrochloric acid caused clotting in 10 minutes in the phosphate plasma anti 
in 30 minutes in the carbonate plasma, while the controls of citrated and oxalated blood did 
not clot with this treatment. Serum caused clotting within 12 hours. Dilution with water 
had no effect but excess of normal saline induced clotting. Sodium bicarbonate and ammo- 
nium carbonate, w'ith pH less than 10, even in dilution 100, had no anti-coagulant effect. 
Obviously, the carbonates of sodium and potassium and sodium phosphate inhibit the reaction 
of coagulation by their alkalinity. Any lowering of pH induces clotting. The carbonates 
seem to have a lytic effect on the platelets and ■white cells and, to a lesser extent, on tlie 
red cells. Examination of a blood smear, after a few hours, shows hardly any platele s, 
wffiile most of the white cells are found disintegrated. 


Arseno-benzol . — The anti-coagulant properties of many arseno-benzol preparations on 
both circulating and shed blood have been recognized and studied by several workers, e.g. 
Flandin and Tzanck, Laurnoy, etc. (quoted by Pickering, loc. cit.). The view that it ac s 
on fibrinogen put forward by Anwyl-Davies and Mellanby (1923) is apparently supported 
the finding that plasma treated wdtb arseno-benzol does not throw doum the usual precipita e 
of fibrinogen when half saturated with sodium chloride. However, on addition of serum, 
it clots thus : — 


1 c.c. neoarsphenainine 200 blood -{- sheep serum 1 c.c. = Clot 1 hour. 

., 100 blood -j- sheep serum 1 c.c. = No clot. 

., 100 blood -r sheep serum 3 c.c. = Clot 30 minutes. 

This suggests that its anti-coagulant propert)’- is due to an action on protlironibin or 

thromboplastin. It is not merely suspending the reaction like calcium chloride and .sodium 
taurocholate, because dilution with •water does not have any effect. The action on fibrinogen, 
though evident, does not seem to play any part in its anti-coagulant property. _ Smears Iron 
treated blood show many disintegrated leucoc 3 d;es and masses of platelets with indistinct on 
lines surrounded by a bluish stain. 

Fhioride. — Sodium fluoride is a common anti-coagulant, often used with oxalate fo^ 
specimens of blood for sugar determination. Fluoride is known to arrest glycolysis, 
action on clotting is stated to be due to the formation of a feebly ionized calcium 
addition of calcium chloride solution to fluoride 2 )la.sma does not induce coagulation, u i 
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serum does. It; appears more probable that its well-known anti-enzyme action may be 
responsible for its anti-coagulant property. 

Citrate and oxalate . — Citrates and oxalates are the anti-coagulants most in use and 
perhaps .the most fully studied with regard to method of action. There is a large measure 
of agreement among workers that both of them prevent coagulation by removing the 
ionizable calcium, the oxalate by precipitating the insoluble calcium salt and the citrate by 
forming a non-ionizable calcium complex. Plasma treated with these two substances has 
been selected for studying the details of induced coagulation in the following 
experiments : — 


Experiment 1 . — Citrate or oxalate blood or plasma -f 
ca Icium chloride 

„ 2. — Citrate or oxalate blood or plasma -f 

sheep serum 

3. — Citrate or oxalate blood or plasma -{- 
oxalated serum 

1. — Citrate or oxalate blood or plasma 
inactivated serum 


= Clot 6 minutes. 
= Clot 15 minutes. 
= Clot 4 hours. 

— ISTo clot. 


Plasma and calcium chloride solution or serum have been added in equal amounts. 
From these results, certain proidsional conclusions can be drawn. Experiment 1 shows that 
citrated or oxalated blood and plasma contain everything necessary for clotting excepting 
ionic calcium. Clotting occurs when calcium is added. Therefore, plasma contains 
fibrinogen, prothrombin and platelets, either entire or broken up and converted to thrombo- 
plastin. Serum also produces clotting, though after a longer interval (15 minutes) than 
calcium chloride solution (6 minutes). Oxalated serum also has the same effect, though with 
a longer interval — 4 hours. Serum treated with 20 per cent oxalate solution in the same 
way as with 2 per cent solution gives the same result. Therefore, serum, plain or oxalated, 
causes clotting, through some other agency than calcium. This substance or substances 
are destroyed during inactivation at 56°C. for 30 minutes as seen in experiment 4. There 
are two possibilities : (1) pre-formed thrombin present in serum causes clotting, (2) serum 
contains prothrombin and formed thromboplastin. Against the first hypothesis are the 
following observations. Thrombin is known to disappear rapidly from serum, only 10 per 
cent of its original activity remaining after 20 to 30 minutes. The clotting power of serum 
remains unchanged for 48 hours at 20°C. to 24°C. The clotting time of plasma with fresh 
serum is much longer than with calcium chloride, a finding difficult to understand when the 
coagulation produced in a few seconds by thrombin experimentally is considered. Though 
some workers regard thrombin as thermolabile, thrombin prepared according to the methods 
of Schmidt, Howell and others is said to resist boiling at 100°C. for a short time (Pickering, 
he. cit.), while prothrombin is generally regarded as thermolabile. The destruction of the 
coagulating power of serum by inactivation seen in experiment 4, does not support the 
thrombin theory. Serum is found to exert its action for some days and without the addition 
of dilute acids and alkalis required to activate the product known as metathrombin. ‘ Ha;mo- 
lysed ’ serum is unable to clot plasma, according to an experiment discussed later. From 
these and other considerations, thrombin does not seem to be the agent responsible 'for the 
activity of serum. 


Assuming that serum contains prothrombin and thromboplastin, as distinct from plate- 
lets, it follows that plasma differs from it in some respect. It is known that plasma does not 
contain ionic calcium. But oxalated serum induces clotting, even though it contains only 
prothrombin and thromboplastin. The possibility then arises that plasma contains platelets 
while any serum contains formed thromboplastin. Calcium is seen to be unnecessary in 
the conversion of prothrombin to thrombin and of fibrinogen to fibrin, as oxalated" serum 
can clot oxalated blood. Since we know that calcium is necessary in clotting, we are forced 
to the conclusion that calcium is essential in the formation of thromboplastin from platelets 
pertain experimental findings at variance with the current theor}’ of the function of calcium 
m clotting support this rdew. Thus, Mellanhy (1937) demonstrated that the venom of 
U alror activates prothrombin in the absence of calcium ions and that the rate of activation 
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is practically unaltered by tbe presence of potassium oxalate. The clotting produced in 
oxalated plasma by certain strains of Staphylococcus aureus,- in the absence of calcium, can 
be explained by the usual mechanism of coagulation, provided that calcium is assumed to 
be necessary only in the formation of thromboplastin. The venom of L. airox and certain 
other snakes and the material in a culture of Staphylococcus may be regarded as similar in 
structure and function to formed thromboplastin. Platelets and tissue extracts from brain, 
lung and testis differ from the above in that calcium is essential for the conversion of their 
breakdown products into thromboplastin. Certain types of snake venpm such as Russell’s 
viper venom require calcium for their activity. Ganguly (1936) has shown that viper 
venom acts cytolytically on the platelets of blood, enhancing their disruption ; but calcium 
is still required for the formation of thromboplastin. Once thromboplastin is fonned from 
platelets or tissue extracts by the action of calcium, or when an equivalent substance is 
supplied by the venom of L. airox or by a culture of a coagulase positive strain of Staphylo- 
coccus, the reaction may be regarded as a simple one, thus : — 

Fibrinogen + prothrombin -\- thromboplastin = Fibrin. 


An objection to this simplification is that thrombin has not been taken into consideration. 
It must be pointed out that according to Pickering (loc. cit.) ‘ a satisfactory definition of 
thrombin is not yet possible. A pure product has not been isolated. Moreover, important 
chemical differences exist in the thrombins prepared by different methods and it is not known 
whether these differences are due solely to different degrees of purity or if bodies of difierent 
composition possess the properties of thrombin ’. The material which has the power of 
inducing rapid coagulation of plasma has been assumed to be a single substance called throm- 
bin. An equally satisfactory assumption would be to regard this material as a mixture of 
prothrombin and thromboplastin. It is noteworthy that the thrombin of Morawitz (quoted, 
by Pickering, loc. cit.) is obtained by mixing tissue extract and dilute calcium chloride with 
serum and that of Bordet and Delange (quoted by Pickering, loc. cit.) by incubating the 
Avashed dibris of blood platelets wdth serum and dilute calcium chloride. Other thrombins 
prepared by Mellanby (quoted by Pickering, loc. cit.) and more recently by Seegers (1940) and 
by Edsall, Ferry and How''ard Armstrong, Jr. (1944) are all prepared by treating prothrom- 
bin with thromboplastin obtained from different tissues. It, therefore, becomes clear that 
the conception of thrombin as a mixture of prothrombin and thromboplastin does not 
seriously affect the validity of any of the proved .facts in connection with the subject of 
coagulation. 

The strength of any hypothesis is in direct proportion to its ability to explain known facts 
and to anticipate fresh ones. According to the reaction postulated above, plasma contains 
fibrinogen, prothrombin and platelets which, on addition of calcium chloride solution, breakup 
to form thromboplastin and then cause clotting. According to this hypothesis, if platelets 
can be removed from plasma, re-calcification cannot cause clotting. This was put to the 
test by filtering plasma and serum through a Seitz filter using sterimat (G. S. grade). The 
results with the filtered and unfiltered reagents are given below : — 


Experiment 

J5 

J J 

if 

*5 


5. — ^Filtered plasma 

+ 

calcium chloride 

= Eo clot. 

6.~ 

57 

+ 

brain extract 

= No clot. 

T.— 

55 

A 

1 brain extract ) 
i calcium chloride 5 

= Clot 1 hour. 

8.- „ 

57 

-b 

.serum unfiltered 

= Clot 1 hour. 

9.- „ 

55 

4- 

serum filtered 

= Clot 2 hours. 

10. — Unfiltered plasma 

4- 

serum filtered 

= Clot 1 hour. 


Experiments re])eated with different specimens of blood gave similar results on severa 
occasions. It will be seen that serum has not been affected by filtration. Plasma has 
undergone change. Calcium chloride solution as anticipated does not cause clotting, f 
platelets having been removed by filtration, there is no thromboplastin to be formed on 
addition of calcium. That pre-formed thromboplastin and prothrombin are not 
b}’ filtration is proved by the finding in experiment 9. Fibrinogen is present in the filtere 
plasma, as shown by the clotting in experiments 7, 8 and 9, and also by the precipitation o 
the same on addition of a satiuated solution of sodium chloride. By elimination of 
various possibilities, it becomes evident that the filtration has removed the platelets on ) 
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and that the findings in the above experiments are fully in accord vith those anticipated on 
the basis of the hi^-pothesis suggested. Cramer and Pringle (quoted by Pickering, loc. cif.) 
passed plasma through a Berkefeld filter and ol)taiued the same result on re-calcification as 
in experiment 5. 

The various anti-coagidauts studied can, therefore, be classified as follows : — . 




Treated p7as;««. 




AUBITIOX OF SERUM C.iUSES 

COAGULATION. 




Coagnlable hy 

- 


Permanently 

incoagulable. 

Dilution with water 

Diluted HCl 

Diluted CaCh, 

Serum only. 

1. Formalin 

1. Calcium chloride 

1. Sodium carbonate 

1. Oxalate 

1. Neoarsphenaminq. 

2. Zinc sulphate 

2. Sodium taurocholatc 

2. Potassium carbonate 

2. Citrate 

2. Sodium fluoride. 

(Both act on 
fibrinogen.) 

(Electrolyte concentra- 
tion inhibits reaction 
by prothrombin. 
Neutral salts probably 
have same action.) 

3. Sodium phosphate 

(Alkalinity suspends 
reaction.) 

(Ca removed) 

(Exact action not 
known. Probably 
acts chemically on 
prothrombin.) * 


Prothrombin and complement . — Some of these experiments have shown that complement 
actmty and the coagulation reaction have features in common, e.g. both are inhibited by 
calcium in high concentration, by a pH over 9, by heat inactivation at 56°C. and so on. 
Jfany workers like Bordet, Hirshfeld and Klinger, Puchs, Hartmann and Falkenhausen 
(quoted by Quick, loc. cit.) have been struck by the similarity between complement and 
prothrombin. Fuchs holds that prothrombin is identical with the complement or at least 
with its mid-piece. Quick concludes from a series of experiments on the subject that comple- 
ment and prothrombin are not identical but appear to have some similarity in structure. 
Ecker and PiUemer (1941) hold that there is no correlation between the inactivation of 
' complement and the inhibition of coagulation. Experiments undertaken to test these 
conflicting views proved that many of the anti-coagulants like formalin and zinc sulphate 
are anti-complementary in very high dilutions while others like calcium chloride and sodium 
fluoride are so in the concentrations used as anti-coagulants. The following experiment was 
carried out to obtain more direct evidence : To two test-tubes, each containing 0-5 c.c. of 
inactivated rabbit amboceptor serum, was added 5 c.c. of sheep’s blood. The amboceptor 
used was theoretically in excess for the antigen. .One tube was left in the incubator at 
^ hours and the other left at room temperature. Haemolysis took place in both 
the tubes. The serum from the tube incubated was added to citrate or oxalate plasma. 
It did not produce coagulation while normal serum from the same sheep did so. The^ serum 
uoni the tube left at room temperature also did not cause clotting, even after 24 hours " But 
in this plasma, a faint film of filuin was seen. Hsemolysis by distilled water does not prevent 
coagulation of blood by smtable treatment with serum, CaClo, etc. The only substance 
that can be removed from the sheep blood and rabbit serum in the course of hiemolvsis other 
than antigen and antibodv, is complement. As the sheep cells and inactivated rabbit serum 
hare nothing to do with coagulation, the obvious inference is that the serum 
abihty to coagulate plasma, because the complement has been used up. If this is correct 

?S“Se." ^ component S 
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Discussion. 

On linking up the conclusions arrived at earlier in the paper, it is possible to 
obtain a fairly complete picture of the processes involved in coagulation. Blood remains 
fluid in the circulation because there is no formed thromboplastin to initiate the 
reaction. Once it escapes from the blood vessels, it comes in contact with the tissues 
inside the body or with substances outside the body. The platelets undergo 
disinte^ation on the water-wettable surfaces and form thromboplastin with the help 
of calcium. Wolpers and Ruska (1939) describe the plhtelets brealang up in coagulation, 
the protoplasmic part dissolving by intake of fluid and the granular parts acting as 
centres of attraction for fibrin deposition. Inside the vessels, injury to the vessel wall 
causing a rough surface, or the presence of any foreign body, whether inert like a thread or 
ligature, or active like venoms or tissue extracts, can induce intravascular clotting. The 
inert substances are covered with disintegrating platelets and thromboplastin while among 
the active foreign bodies, tissue extracts and some venoms can act only with the aid of 
calcium. Some, like the venom of L. airox and perhaps other preparations not yet tested, 
behave like thromboplastin, without the aid of calcium. Once thromboplastin or an 
equivalent substance is formed, it combines with prothrombin and fibrinogen to form fibrin. 
Thrombin may be regarded as any material which contains prothrombin and thromboplastin 
together. The reaction may be retarded or inhibited b}" a number of methods, e.g. high 
electrolyte concentration, pH above 10, presence of certain chemical substances, etc. It 
may be prevented by chemical action on one or other of the reagents taking part in it, with 
permanent or temporary efiect, e.g. formalin or citrate. The use of the terms anti-thrombin 
and anti-prothrombin in the sense of specific substances appears unnecessary in the face 
of these observations. The necessity for such terms can be traced to the idea that any intra- 
vascular clotting is progressive and will end in wholesale coagulation in several vessels. This 
assumption does not appear justified. It appears more logical to regard intravascular 
coagulation as a phenomenon of frequent occurrence in normal life, limited in amount by 
the exhaustion of available thromboplastin and circumscribed to areas where it is necessary, 
e.g. repair of damage in capillaries, arrest of bacterial movement and, perhaps, neutralization 
of venom and toxins. The important work of Taylor, Mullick and Ahuja (1936) on the action 
of viper venom has shown that, with high dosage, death occurs in a few minutes associated 
with extensive intravascular clotting. If death is delayed, as with low dosage, the blood 
remains fluid and incoagulable. They conclude that slower action produces invisible coagula- 
tion, perhaps with fine deposition of fibrin in the walls of the blood vessels and that the 
blood, being defibrinated, is incoagulable. This is fully in accord with the view that 
coagulation is a defensive mechanism of great importance, constantly in use in the system 
in reactions which do not cause large-scale clotting and is not merely a costly method to 
prevent loss of blood in a rare emergency. Its common function seems to be to deal 
with the presence of any foreign body entering the blood stream and to prevent it from 
circulating. 

The probable identity or similarity between prothrombin and complement has an added 
significance in view of this concept. Pickering {loc. cil.). in a study of the embryological 
development of plasma proteins in the chick, found that complement could not be detected 
before the 13th day of development and on that day, only in those which had devel^ed 
fibrinogen and prothrombin. He found that shed blood may clot on the 14th day. This 
developmental association between prothrombin and complement and the evidence presented 
earlier in support of their similarity suggest a new outlook. Coagulation may be regardec 
as the earliest immunity reaction in development. The antigen is supplied by thrombo- 
plastin or an equivalent material, either formed from tissue extracts or other substances with 
the aid of calcium or existing ready made as an antigenic complex in material like the venom 
of L. atrox or a culture of Staphylococcus. The antibody is fibrinogen. The specificity or 
action proved in the formation of fibrin in clotting and the increase of fibrinogen in response 
to infection or otherwise are both features satisfying the definition of an antibody. The 
complement is supplied by the prothrombin, an idea which does not pronounce any judged 
on the vexed question of their identity but which is supported by their accepted similaut} 
of structure. Closer examination of this new' conception of coagulation as an immunit) 
reaction reveals many established findings lending it further support. 
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Summary. 

1. Certain substances in common use Lave been found to possess marked anti-coagulant 
properties. 

2. The mode of action of these substances and of some of the well-known anti-coagulants 
has been studied and classified. 

3. A suggestion is put forward that coagulation of blood may be an immunological 
reaction, with fibrinogen as antibody, prothrombin as complement and any foreign body 
in association -wnth thromboplastin as antigen. 

The author desires to express his grateful thanks to Lieut.-Golonel K. E. K. Iyengar, 
C.I.E., O.B.E., i.M.s. {retd.), Director, Pasteur Institute of Southern India, Coonoor, for his 
valuable guidance and help in the course of the work. He is indebted to Rao Bahadur Capt. 
K. M. Ananthan. Civil Surgeon, Coonoor, for his help and co-operation in making available 
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NOTICE 

re 

‘Phytin’. 

A Paper recently published in this Journal (May 1915) contained references to ‘ Phytin 
It is claimed by Messrs. OIBA Limited, Basle. Switzerland, that the term ‘ Phytin ’ is a 
registered trade mark and that its use in scientific paper.® in place of the common chemical 
name of the substance (inositol hexaphosphoric acid) is not permissible. This Notice is 
inserted at the request of Messrs. OIBA Limited to whom the Editor is indebted for drawing 
his attention to an unintentional oversight. 

— Editor, 

Kasauli, The Indian Journal of Medical Research, 

loth May, 1946. 
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STUDIES ON THE CULTIVATION OE THE ^TIOLOUICAL AGENT 
OF RABIES IN VITBO AND ITS NATURE. 

BY 

N. VEERARAGHAVAN, m.b., b.s., d.sc., 

■ Assistant Director, Pasteur Institute of Southern India, Coonoor. 

[Received for publication June 20, 1946.] 

Introduction. 

Noguchi (1913) reported that he had succeeded in cultivating rabies virus in a medium 
similar to that employed by him for the cultivation of the spirochsetae of relapsing 
Levaditi (1914) found that infected spinal ganglia kept in plasma at 37 C. remained infective 
for 53 days. Successful cultivation of rabies street virus in Borel cultures ivas reported by 
Stoel (1930). He used the lyhole head or brain of chick embryos and carried the virus 
through five sub-cultures during a period of 25 days. Waldheker (1935) reported wholly 
negative results with two different strains of fiN:ed virus and two strains of street virus. 
Different media, including the Maitland medium, were tried by him. _ Kanajawa (1936, 1937) 
reported the successful cultivation of rabies fixed virus in a medium containing rabbit- 
embryo brain and Tyrode solution. He found that with the above medium there was 
a loss of virus after the tenth passage. Webster and Clow (1936, 1937) reported the propa- 
gation of rabies virus in a medium containing mouse-embryo brain and monkey serum- 
Tyrode. They found that rabbit- or chick-embryo brain could be substituted for the 
mouse-embryo brain in the medium. If serum was omitted from the medium it was not 
adequate to propagate a newly introduced mouse-brain virus, nor an already established 
culture virus. The replacement of monkey serum by horse serum in the medium, however, 
was without any apparent effect on the culture virus. Bernkopf and IHigler (1937) 
reported the successful cultivation of rabies fixed virus in a medium consisting of rat- 
or mouse-embryo brain and chicken plasma covered with Tyiode-serum. With the medium 
described by Webster and Clow (loc. cit.) they found that no growth was obtained with rabbit 
serum, but successful serial passages were possible with media containing either monkey or 
human serum. The virus cultures incubated at 30®C. or 37'’C. were found to increase in 
virulence up to about the sixth or seventh day. Thereafter, the virulence declined and dis- 
appeared about the twentieth day. Parker, Raymond and Hollender (1945) propagated 
the rabies virus for as long as 57 passages in cultures of chopped mouse-embryo brain sus- 
pended in rabbit serum and buffered salt solutions. They found that attempts to cultivate 
the rabies virus in chick-embryo brain cultures were unsuccessful even when the virus 
had been adapted to chick tissue by serial intracerebral passage in embryonated eggs. 

During the period 1937-39 attempts were made by the author to propagate rabies virus 
on the lines described by Webster and Clow {loc. cit.) and Bernkopf and Kligler (loc. cit.). 
With the media containing infected chick-embryo brain and fowl plasma covered with 
Tyrode-serum it was found that undiluted ground-up cultures before incubation failed to 
infect animals, while cultures, after incubation for 4 days at 37°C. or after serial passages, 
proved to be infective indicating that the virus had multiplied in the medium. It 
w.as possible to maintain the virus in plasma cultures during a maximum period of 12 days 
using rabbit serum. With human serum it was possible to carry the \’irus through six sub- 
cultures during a period of 23 days, suggesting that human serum was better than rabbit 
serum. No evidence of multiplication of rabies Aurus was found in a medium containing 
chick-embr}'o brain, rabbit serum and Tyrode solution. When rabbit serum was replaced 
by human serum in the medium there was no cA-ident multiplication of the Aori’s. With 
the addition of chick-embryo extract to the above medium, it was possible to carr>- the 
Aurus through twelve sub-cultures during a period of 34 days. The concentration of the 
Aurus obtained in cultures using the methods described above was. howeA'er A^erv Ioav 
conipared mth the titres obtained in the brains of sheep in(ected -with rabies fixed A'irus 
used in the manufacture of 5 per cent phenol A-accine and. therefore, was unsuited for 
immunization against rabies. Webster and Casals (1941). after a considerable amount of 
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work on culture virus, also came to the conclusion that, from a practical point of view, 
culture virus was not a satisfactory source of rabies vaccine clue chiefly to its low content 
of virus. 

Veeraraghavan (1945) reported that there was evidence of multiplication of rabies virus 
in a liquid medium containing sheep-brain extract, sheep serum and fresh young guinea- 
pig brain tissue. The concentration of the virus obtained in cultures, however, was not 
satisfactory from the point of view of preparation of a vaccine. Several attempts were made 
to improve the medium and it has been found that the addition of glycine and peptone 
to the medium considerably increased the concentration of the virus in cultnres. A medium 
has now been evolved in which it is possible to obtain at least five times the concentration 
of virus normally present in the brains of infected sheep used in the preparation of antirabic 
vaccine. 

Veeraraghavan (1944) described a protozoal parasite of the central nervous system in 
animals suffering from rabies, and discussed the possibility that the parasite might be con- 
cerned with the aetiology of rabies. Subsequent work (Veeraraghavan, 1945) showed that 
forms resembling this parasite could be encountered in in vitro cultures of street and fixed 
virus grown in media containing sheep-brain extract, sheep serum and fresh young guinea- 
pig brain tissue. Evidence is presented in this paper to show that the aetiological agent of 
rabies can successfully grow' and multiply in a cell-free medium devoid of any live embryonic 
tissue proving that it is not a virus in the fully accepted sense of the word. 


Materials and methods. 

The method of cultivation of the virus in vitro was on the lines described by Veeraraghavan 
(1945). The particulars regarding the various constituents used in the preparation of the 
culture media and the technique adopted are given below : — 

Brain ’extract . — ^Normal sheep’s brain was dissected out wdth aseptic precautions from 
the heads of freshly slaughtered sheep obtained from the local slaughter-house. ^ A portion 
of the brain was weighed and washed repeatedly in sterile distilled w'ater to get rid of blood. 
It was then ground up in a mortar with sterile glass-powder under aseptic conditions, and 
grinding was continued until a smooth paste was obtained which, when examined under the 
microscope, was homogeneous and failed to show the presence of intact cells. Ice-cold, sterile 
distilled water was added gradually in small quantities and grinding continued until a 2 per 
cent emulsion was obtained. This was allowed to stand for a few minutes to permit the 
glass-powder to settle, after which the supernatant was centrifuged for two hours at 
moderate speed. The supernatant was transferred to a sterile flask, steamed in a steam- 
sterilizer for half an hour on each of three consecutive days, and subsequently tested for 
serobic and anaerobic sterility. The 2 per cent extract was generally diluted to 1 per cent 
with sterile distilled water at the time of preparation of the medium. In a later part 
work concentrated brain extracts up to 10 per cent were prepared according to the above 
method and used in the preparation of the culture media. It was found that satisfactory 
results could be obtained with brain extract kept for two or three weeks in cold storage. 

Serum , — Sterile sheep serum in varying concentrations was used. 

Peptone . — ^A solution of 1'5 per cent of Difco Bacto-Peptone in distilled water v as 
filtered through filter-paper and sterilized by steaming for half an hour each day for three 
consecutive days. The solution could be sterilized by autoclaving. One part of this solu- 
tion was added to nine parts of the medium. 

Glycine . — ^^^arying concentrations of glycine (B.D.H.) were tried. Solutions ranging 
from 1*5 per cent to 20 per cent were prepared and sterilized by steaming for half an hour 
each day for three consecutive days. 

Fresh nerve tissue . — Just before inoculating the medium with the virus, fresh 
tissue was obtained from the brain of a young guinea-pig, one or two days old. Eac 
brain was emulsified in about 5 ml. of distilled water and added to 45 ml. of the medium. 

Virus inoculum ,- — A 20 per cent suspension of the virus was generally used for inoculating 
the culture media. The virus suspension was prepared as follows ; The brain oi a 
sheep completely paralysed after subdural inoculation with the Paris strain of rabies fixec 

( 208 ) 



virus vas dissected out aseptically. A portion of tlie infected brain vras weighed. It was 
placed in a sterile mortar, washed repeatedly with sterile distilled water to get rid of blood, 
and ground into a smooth paste witli sterile glass-powder. When the cell .structure wa.s 
found to he completely crushed on examination under the microscope it was diluted with 
sterile distilled water to make a 20 per cent suspension. The s g pension was centrifuged 
for half an hour at 3,000 r.p.m. The supernatant was pipetted out and used as the inoculum. 

Experimental animals . — It would have perhaps been more satisfactory to use mice for 
this work, for then it would have been possible to compare the results obtained with those 
reported by others. But, mice were not available and young healthy guinea-pigs of 250 g. 
to 300 g. weight were used instead. 

Virus iiiraiion . — ^The virus content of a culture was determined by inoculating guinea- 
pigs of 250 g. to 300 g. weight subdurally with 0-2 ml. of various dilutions of the culture in 
distilled water. The highest dilirtion which proved infective to at least 50 per cent of the 
inoculated guinea-pigs was determined, hrom this the virus coutent of the culture in terms 
of the minimum subdural lethal dose (m.l.d.) per ml. was calculated by multiplying 
the highest infective dilution by five, since 0'2 ml. is the inoculum. 

Sterility. Sterile technique was used throughout and the cultures after incubation were 

regularly tested for sterility Eerobically and anrerohically. 

Expekimeutal. 

1. Effect of increasing the virus content of the inoculum used in cultures. 

Veeraraghavan (1945) reported the evidence of multiplication of rabies fixed virus in a 
medium containing six parts of one per cent sheep-brain extract, one part of sheep serum, 
two parts of distilled water and fresh young guinea-pig nerve tissue. To this medium one 
part of the supernatant from a centiifugali 2 ed suspension of one per cent fixed virus brain 
was added. Inoculated subduraUy into guinea-pigs in 0'2 ml. amounts the culture was in- 
fective in a dilution of 1 in 10, whereas after incubation for 12 hours at 37''C. it was in- 
fective in a dilution of 1 in 80. As the diluted culture at the start of the experiment 
represented a 1 in 1,000 dilution of the virus, the twelfth-hour culture was infective in a 
dilution of 1 in 80,000 theoretically. But, the actual virus content of the culture was only 
400 m.l.d. which is a poor concentration. Attempts were, therefore, made to increase the 
concentration of the virus in cultures by increasing the virus content of the inoculum. 

Experiment A . — •'Ninety ml. of the medirun consisting of 60 ml. of 1 per cent sheep-brain 
extract, 10 ml. of sheep serum, 20 ml. of distilled water and an emulsion of the brains of 
two young guinea-pigs in 10 ml. of distilled water, were put into a sterile 250 ml. Erlen- 
nieyer flask. The medium was inoculated with 10 ml. of the supernatant after centrifugal- 
ization of a 10 per cent suspension of fixed virus rabbit brain. The virus content of the 
flask was titrated in guinea-pigs. The flask was incubated at 37'’C. for 12 hours. The 
twelfth-hour culture was centrifuged slowly for 10 minutes to deposit the added guinea-pig 
nerve tissue. The supernatant was inoculated in various dilutions into guinea-pigs. The 
results are given in Table I : — 

Table I. 


■Number of 
hours at 

Pate of 

GXnXEA-PIGS II^OCUIATED SUBDtmALTiY ^YIT^ 0‘2 ML. 
or CU1>TUBE IK BILETIOKS, 

ZTC. 

1/100 

1/200 

1/-100 

•1/800 1/1,000 

0 

12 

6/9* 7/9 

s, s 

s, s 

6/s, 7/9 

7/9,8/10 S, S 


A*o(e. — 6/9* = Guine.a-pig paralj-scd on the sixth day and died on the ninth day. 
S = Guinea-pig remained well. 

— = Dilution not tested. 


Important : The above footnote holds good for all the other tables in this paper. 
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Comment. — It will be seen from Table I that by increasing the virus content of the 
inoculum there occurred a corresponding increase in the virus content of the resultant 
growth. 

Experiment B. — The above experiment was repeated with a 20 per cent virus suspension 
as the inoculum. Forty-five ml. of the medium containing 6 parts of 1 per cent sheep-brain 
extract, 1 part of sheep serum, 2 parts of distilled water and the emulsion of the brain of a 
young guinea-pig, were kept in a 100 ml. Erlenmeyer flask. Nine ml. of the supernatant 
from a 20 per cent suspension of fixed virus sheep brain were inoculated into the medium. 
The virus content of the flask before and after incubation at 37°C. for 12 hours was titrated 


guinea-pigs. 

The results 

are given 

in Table II : — 






Table II. 



Number of 
hours at 

Fate 

OF GUINEA-PIGS INOCULATED SUBDUKALLA' 

OF CULTURE IN DILUTIONS. 

AVITH O'; 

2 5IL. 

37°C. 

I/. 0 OO 

1/1,000 

1/2,500 1/5,000 

1/7,500 

1/10,000 

0 

S, S 

S, S 

S, S — 



— 

12 

— 

— 

8/10, 8/10 10/11, 10/12 

s, s 

s, s 


Comment. — It will be seen from Table II that the culture before incubation was not 
infective in a dilution of 1 in 500, while the twelfth-hour culture was infective in a dilution of 
1 in 5,000, indicating that the virus content Avas 25,000 m.l.d. per ml. By the addition 
of 9 ml. of a 20 per cent suspension of fixed virus sheep brain to 45 ml. of the medium the 
flask contained at the outset 3 ‘66 per cent of sheep-brain virus. This percentage of virus 
inoculum seemed to gi^’-e better results than the 10 per cent inoculum used in the previous 
experiment. 

2. Effect of addition of peptone to the culture medium. 

The effect of adding peptone to the medium was investigated. 

Experiment A. — Flask A contained 30 ml. of 1 per cent sheep-brain extract, 5 ml. of 
sheep serum and 10 ml. of distilled water. Flask B contained 30 ml. of brain extract, 5 ml. 
of sheep serum, 5 ml. of 1’5 per cent peptone solution and 5 ml. of distilled water. 
An emulsion of the brain of one young guinea-pig was added to each flask. Nine ml. of the 
supernatant from a centrifugalized 20 per cent suspension of fixed virus sheep brain were 
added to the 45 ml. of medium in each flask. In order to determine the initial concentration 
of the virus in the flasks, the virus content of the inoculum after dilution 1 in 6 in distilled 
Avater Avas titrated in guinea-pigs. After incubation for 12 hours at 37°C., the contents of 
the flasks Avere centrifuged separately for 10 minutes to get rid of the guinea-pig brain tissue 
and the Aurus content of the supernatants from each flask titrated in animals. The results 
are giAmn in Table III : — 


Table III. 



Number of 

Fate 

OF GUINEA-PIGS INOCULATED SUBDUKALLY AVITH 0'2 NL. OF 
CULTURE IN DILUTIONS. 

37“C. 

1/500 

1/1,000 

1/2,500 

1/5,000 

1/7,500 1/10,000 

A^irus inoculum di- 


S, S 

S, S 

S, S 


- — “ 

luted 1 in 6 with 







water. 







Flask A {■without 

12 

— 

— 

7/9, 7/9 

8/10, S 

13/15, S ^ 

peptone). 



' 




Flask B (Avith 

12 

— 

— 

7/9, 7/9 

7/9, S 

7/9, 7/9 7/9, 8/10 

peptone). 
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Cbmineni. — vail be seen from Table III tbat tbe culture of the varus in a 
medium containing sheep-brain extract, sheep serum and young guinea-pig nerve tissue 
contained 37,500 m.l.d. of virus per ml. With the addition of peptone to the medium m a 
concentration of 0-15 per cent, the virus content of the culture increased to at least 50,000 
m.l.d. per ml. The results indicated that the use of peptone in the medium was of definite 
value in stimulating the growth of virus in cultures. 

Experhmni B . — ^The experiment was repeated using the same concentration of peptone 
in a medium containing 1'5 per cent sheep-brain extract, 2 per cent sheep serum and 2‘5 per 
cent glycine. 

Each of the flasks A and B contained 30 ml. of 10 per cent sheep-brain extract, 4 ml. 
of sheep serum and 25 ml. of 20 per cent glycine. To flask A were added 20 nd. pi 1'5 per 
cent peptone and 101 ml. of distilled water. To flask B were added 121 ml. of distilled water 
only. To each of the flasks were added 36 ml. of the supernatant from a 20 per cent sus- 
pension of fixed virus sheep brain and the flasks were incubated under strict anffiiobic condi- 
tions. The vnrus content of the inoculum diluted 1 in 6 with distilled water and that of the 
cultures iu flasks A and B after 24 hours’ incubation at 37°C. were titrated in guinea-pigs. 
Tbe results are given in Table IV : — 

Table IV. 



Number of 

« 

OF GUIXEA-PIGS IXOCULATEt) ST7BIHJBAI,LY 
CULTURE IX DILUTIOKS. 

WITH 0'2 

5IL. OF 


hours at 
37'’C. 

1/2,000 

1/2,666 

1/3,333 1/200,000 

1/300,000 

1/500,000 

Virus inoculum di- 
luted 1 in 6 rvith 
water. 

... 

0/8, 7/0 

S, S 

s, s — 

— 

— 

Flask A (with pep- 
tone). 

24 

— 

— 

— — 

6/8, 7/9 

6/8, 6/8 

Flask B (without 
peptone). 

24 



- s. s 

S, S 

S, S 


Comment . — It will be seen from Table IV that the initial virus content of the flasks was 

10.000 m.l.d. per ml. The virus content of the culture in flask A containing peptone was 

2.500.000 m.l.d., while that in flask B without peptone was less than 1,000,000 m.l.d. per ml. 
These results conficrmed the previous findings that addition of peptone was favourable for 
the multiplication of the virus. If the culture virus was to be used as the source of anti- 
rabic vaccine it was not considered advisable to increase the concentration of peptone in the 
medium and higher concentrations were therefore not tried. 


3. Effeol of aMition of glycine to the culture medhan. 

Attempts made in the past (Veeraraghavan, 1941) to eliminate excess nerve tissue in 
antirabic vaccine by_ means of iso-electric precipitation of virus suspensions showed that the 
addition of amino-acid glycine to the buffer solution bad a definite protective action on the 
varus. It was. therefore, considered advisable to try the effect of addition of glycine as an 
cnTichment factor in the medium. Concentrations ranging from 0T5 to 5 per cent were tried 
with the following results. The exact details of the technique used are given below 


Experiment A. Elask A contained 30 ml. of 1 per cent sheep-brain extract 5 ml of 

slieep serum and 10 ml. of distilled water. Elask B contained 30 ml. of 1 per cent sheep- 

bram extract. 5 ml. of sheep serum, 5 ml. of I'o per cent glycine and 5 ml. of distilled water 

An emulsion of the brain of one young guinea-pig was added to each flask. Kine ml. of the 

a centrifngalized 20 per cent suspension of fixed virus sheep brain were 
' i each flask. The initial concentration of the virus in the 

flasks at the start of the experiment was determined by titrating the virus content of the 
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Comment. — It will be seeu from Table I that by increasing the virus content of the 
inoculum there occurred a corresponding increase in the virus content of the resultant 
growth. 

Experiment B. — The above experiment was repeated with a 20 per cent virus suspension 
as the inoculum. Forty-five ml. of the medium containing 6 parts of 1 per cent sheep-brain 
extract, 1 part of sheep serum, 2 parts of distilled water and the emulsion of the brain of a 
young guinea-pig, were kept in a 100 ml. Erlenmeyer flask. Nine ml. of the supernatant 
from a 20 per cent suspension of fixed virus sheep brain were inoculated into the medium. 
The virus content of the flask before and after incubation at 37°C. for 12 hours was titrated 
in guinea-pigs. The results are given in Table II : — 

Table II. 


Number of 
hours at 

Fate 

OF GUINEA-PIGS INOCULATED SUBDUKALLY VUTH 0'2 
OF CULTURE IN DILUTIONS. 

ML. 

37°C. 

1/500 

1/1,000 1/2,500 

1/5,000 1/7,500 

1/10,000 

0 

S, S 

s, s s, s 



— 

12 

— 

— 8/10, 8/10 

10/11, 10/12 S, S 

s, s 


Co7nment. — It will be seen from Table II that the culture before incubation was not 
infective in a dilution of 1 in 500, while the twelfth-hour culture was infective in a dilution of 
1 in 5,000, indicating that the virus content was 25,000 m.l.d. per ml. By the addition 
of 9 ml. of a 20 per cent suspension of fixed virus sheep brain to 45 ml. of the medium the 
flask contained at the outset 3 '66 per cent of sheep-brain virus. This percentage of virus 
inoculum seemed to give better results than the 10 per cent inoculum used in the previotis 
experiment. 

2. Effect of addition of peptone to the culture medium. 

The effect of adding peptone to the medium was investigated. 


Experiment A. — ^Flask A contained 30 ml. of 1 per cent sheep-brain extract, 5 ml. of 
sheep serum and 10 ml. of distilled water. Flask B contained 30 ml. of brain extract, 5 ml. 
of sheep serum, 5 ml. of 1'5 per cent peptone solution and 5 ml. of distilled water. 
An emulsion of the brain of one young guinea-pig was added to each flask. Nine ml. of the 
supernatant from a centrifugalized 20 per cent suspension of fixed virus sheep bram were 
added to the 45 ml. of medium in each flask. In order to determine the initial concentration 
of the virus in the flasks, the virus content of the inoculum after dilution 1 in 6 in distiller 
water was titrated in guinea-pigs. After incubation for 12 hours at 37°C., the contents oi 
the flasks were centrifuged separately for 10 'minutes to get rid of the guinea-pig bram tissue 
and the virus content of the supernatants from each flask titrated in animals. The resui s 
given in Table III ; — 


are 


Table III, 


Number of 
hours at 
37°C. 


Fate op guinea-pigs inoculated subdukally with 0'2 jil. op 
CULTURE IN dilutions. 


1/500 1/1,000 1/2,500 1/5,000 


1/7,500 1/10,000 


Virus inoculum di- 
luted 1 in 6 with 
water. 

Flask A (without 12 
peptone). 

Flask B (with 12 

peptone). 


s, s 

s, s 

s, s 

— 

— 


— 

— 

7/9, 7/9 

7/9, 7/9 

8/10, S 

7/9, S 

13/15, S 

7/9, 7/9 

s, s 

7/9, 8/10 
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Experiment C . — ^As glycine appeared to be beneficial to tbe growth of the virus the effect 
of higher concentrations of glycine in the medium from 3 to 5 per cent was investigated. 

Each of the flasks A, B and C contained 15 ml. of 2 per cent sheep-brain extract, 0-5 ml. 
of sheep serum and 5 ml. of 1'5 per cent peptone. Eive ml. of a 10 per cent solution of gly- 
cine and 19‘5 ml. of distilled water were added to flask A. To flask B were added 6’25 ml. 
of 20 per cent glycine and 18-25 ml. of distilled water, and to flask C 12-5 ml. of 20 per cent 
glycine and 12 ml. of distilled water. An emulsion of the brain of one young guinea-pig was 
added to each flask. Nine ml. of the supernatant from a centrifugalized 20 per cent suspen- 
sion of fixed virus sheep brain were added to the 45 ml. of the medium in each flask. In 
order to determine the initial concentration of the virus in the flasks, the virus content of the 
inoculum after dilution 1 in 8 in distilled water was titrated in guinea-pigs. After incubation 
for 12 hours at 37°C., the contents of the flasks were centrifuged separately for 10 minutes 
to get rid of the added guinea-pig brain tissue and the virus content of the supernatant from 
each flask titrated in animals. The results are given in Table VII ; — 


Table VII. 



Kumher of 
hours at 

Fate of guinea-pigs inoculated suedueally 

CDLTUKE IN DILUTIONS. 

WITH 0-2 ML. or 


37°C. 

1/2,000 

1/2,666 

1 '3,330 

1/30,000 

1/45,000 

1/60,000 

Virus inoouluni di- 
lut€d 1 in 6 -with 
water. 

... 

6/7, 6/8 

9/10, S 

S, S 

— 

— 

— 

Flask A (with 1% 
glycine) . 

12 

— 

— 

— 

8/H, S 

s, s 

s. s 

Flask B (with 2'5% 
glycine). 

12 

— 

*—* 

— 

6/8. 7/8 

6/8, 8/10 

0/8, S 

Flask C (with 5% 
glycine). 

12 




6/8, 7/9 

6/8, 7/9 

s, s 


Comment . — ^It will be seen from Table VII that the initial virus content of the flasks be- 
fore incubation was 13,330 m.l.d. per ml. The virus content of flask A containing 1 per cent 
glycine was 150,000 m.l.d. per ml. The virus content of flask B containing 2-5 per 
cent glycine was 300,000 m.l.d., whereas that of flask C containing 5 per cent glycine was only 
225,000 m.l.d. per ml. From this it would appear that the optimum concentration of glycine 
in the medium necessary for the multiplication of the virus is 2-5 per cent. 

4. Effect of altering serum content. 

In the earlier experiments the serum content of the medium was kept constant at 10 per 
cent. If the culture virus is to be used in the preparation of antirabic vaccine it is desirable 
that the serum content should be reduced to a minimum. Therefore, experiments were 
undertaken to determine the minimum quantity of serum necessary for the multiplication 
of the virus in vitro ; — 


Exypenment .d.—In this experiment the other constituents of the medium, viz. sheep- 
bram extract,^ glycine and peptone, were kept constant but the serum content was ktered 
Flask A contained 30 ml. of one per cent sheep-brain e.xtract. 5 ml. each of I'o per cent glycine 
peptone, and 5 ml. of distilled water. Flask B contained the same quantities of 
ahcep-brmn extract, glycine and peptone with 2-5 ml. of distilled water and 2-5 ml of sheen 
^ contained m addition to other constituents 5 ml. of sheep serum without 
distilled water. The emulsion of the brain of a young guinea-pig and 9 ml. of the super- 
natant from a centnfugahzed 20 per cent suspension of fixed virus sheep brain were added to 
ccl Tbe ,,r„s content, ot tbe inocnta diluted 1 in 0 and tbe virus eoSt rf tbe 
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inoculum diluted 1 in 6 with distilled wfiter. After incubation for 12 hours at 37°C., the virus 
content of the supernatants from each flask was titrated in guinea-pigs. The results are 
given in Table V ; — 

Table V. 



Number of 
hours at 

Fate or GumrA-riGS inoculated subddeally 

CULTUEE IN DILUTIONS. 

WITH 0‘2 

ML. OF 


37°C. 

1/500 1/1,000 

1/2,500 

1/5,000 

ip.m 

1/10,000 

Virus inoculum di- 
luted 1 in 6 with 
water. 

... 

S, S S, S 

H, S 

— 

— 

— 

Flask A (without 
glycine). 

12 



7/9, 7/9 

8/10, S 

13/15, S 

s, s 

Flask B (with 
0-16% glycine). 

12 


7/9, 7/9 

7/9, 7/9 

8/10, S 

10/11, 12/13 


Comment . — 'It will be seen from Table V that after 12 hours’ incubation at 37°C., the 
culture without the addition of glycine was infective in a dilution of 1 in 7,500, whereas the 
culture with 0T5 per cent glycine was infective in a minimum dilution of 1 in 10,000 indicat- 
ing that glycine had some beneficial effect on the multiplication of the virus. 


Experiment B . — In this experiment the effect of concentrations of glycine ranging from 
O’ 15 to 1 per cent was studied. 

Each of the flasks A, B, C and D contained 30 ml. of 1 per cent sheep-brain extract, 0‘6 
ml. of sheep serum, 5 ml, of 1’5 per cent peptone and 4’5 ml. of distilled water. Into the 
flasks A, B, C and D 5 ml. of 1'5, 3, 5 and 10 per cent glycine respectively were added. An 
emulsion of the brain of one young guinea-pig was added to each flask. Nine ml. of 
the supernatant from a centrif ugalized 20 per cent suspension of fixed virus sheep brain were 
added to 45 ml. of the medium in each flask. In order to determine the initial concentration 
of the virus in the flasks, the virus content of the inoculum after dilution 1 in 6 in distilled 
water ivas titrated in guinea-pigs. After incubation for 12 hours at 37'’C. the virus content 
of the supernatant from each flask was titrated in animals. The results are given in 
Table VI .— 


Table VI. 



Number of 
hours at 

Fate 

OP GUINEA-PIGS INOCULATED SUBDUKALLY 
OF CULTURE IN DILUTIONS. 

WITH 0‘2 MB, 


37'’C, 

1/2,000 

1/2,666 

1/15,000 

1/20,000 

1/30,000 

Virus inooulum diluted 1 
in 6 with water. 

... 

0/8, 9/11 

s, s 


— 

— 

Flask A (with 0'15% gly- 
cine). 

12 

— 

— ' 

6/8, 6/8 

s, s 


Flask B (with 0-3% gly- 
cine). 

12 

— 

— ' 

6/8, 0/8 

8/10, S 

s, s 

Flask C (with 0'5% gl 3 '- 
cino). 

12 

— 

— . 

— 

7/9, S 

v/8, S 

Flask D (with 1-0% gly- 
cine). 

12 



— 

G/9, 7/9 

0/8, S 


Comment . — It will be seen from Table VI that the culture of the virus in a mednuuco 
taining O'l.o per cent glycine contained 75,000 m.l.d. of virus. When the concentration o 
glycine in the medium was increased to 0’3, 0’5 and TO per cent the virus content of ' 
cultures was 100,000, 1.50,000 and 150,000 m.l.d. respectively, indicating that by increasing 
the concentration of glycine in the medium it is possible to increase the virus content o 
twelfth-hour cultures. 
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Comment —It will be seen irom Table IX that the initial virus content of the flasks vas 
less than 5,000 iu.l.cl. per ml. Although the maximum concentration obtained in cultures 
containing 1, 2 and 5 per cent serum was 75,000 m.l.d. per ml., it was found that all the 
animals infected with the various dilutions of the culture contaimng I per cent serum succumbed 
to tliQ infection. One per cent serum concentration gave consistently good results and 
was generally adopted. A concentration of 2 per cent of sheep serum, however, was found 
to give better results in cultures with a medium containing 1'5 per cent sheep-brain extract, 
2-5 per cent glycine and 0-15 per cent peptone without the addition of fresh young guinea- 
pig brain tissue and was always used with the above medium. 

5. Effect of incubating cultures under mrobic and strict anccrobic conditions. 

The following experiments were carried out to determine whether cultivation under 
ferobic and anairobic conditions had any effect on the virus content of cultures grown in 
different media ; — 

Experiment A.— Each of the flasks A and B contained 60 ml. of one per cent sheep-brain 
extract, 1 ml. of sheep serum, 10 ml. each of I'S per cent glycine and peptone, and 9 ml. of 
distilled water. An emulsion of the brains of two young guinea-pigs and 18 ml. of the super- 
natant from a centrifugalized 20 per cent suspension of fixed virus sheep brain were added to 
each flask. Flask A was incubated aerobically and flask B under strict anasrobic conditions 
in a McIntosh and Fildes’ jar. The virus content of the inoculum diluted 1 in 6 and that of 
the supernatants in flasks A and B after 12 hours’ incubation at 37°C. were titrated in guinea- 
pigs. The results are given in Table X : — 


Table X. 



Number of 
hours at 
37'’C. 

Fa.TE of aUINEA-PIGS INOCULATED SUBDUBALDY 
CUETCSE IN DILUTIONS. 

WITH 0’2 ML. or 

1/2,000 

1/2,666 

1/10,000 

1/15,000 

1/20,000 1/30,000 

Viras inoculum di- 


s, s 

S, S 




luted 1 in 6 with 







water. 







Flask A (fcrohic) 

12 ■ 

— 

-- 

G/S, S 

8/10, S 

_ _ 

Flask B (auEerobio) 

12 


— 

G/S, 7/S 

0/8, 7/Q 

10/12, S 7/10, S 


Comment. — The initial virus content of the flasks before incubation was less than 10,000 
m.l.d. per ml. After incubation for 12 hours at ZT’C. the virus content of the culture in flask 
A incubated aerobically was 75,000 m.l.d. per ml., whereas the virus content of the culture 
in flask B incubated under strict anrerobic conditions was 150,000 m.l.d. per ml. This 
indicated that although virus showed evidence of multiplication under both rerobic and 
anaerobic conditions, the concentration of the 'sdrus in cultures incubated under strict 
auferobic conditions was higher. 


Experiment B. — The above experiment was repeated with a medium consisting of 120 ml. 
of one per cent sheep-brain extract, 2 ml. of sheep serum, 25 ml. of 20 per cent glySne. 20 ml. 
of I'S per cent peptone and 13 ml. of distilled water. To each of the flasks A and B 
containing the above medium were added an emulsion of the brains of four voung «uinea- 
pigs and 36 ml of the supernatant from a 20 per cent suspension of fixed virus sheep brain 
1 iask A was incubated Eerobically and flask B anaerobicallr. The virus content of the 
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supernatants from flasks A, B and G after incubation at 37°C. for 12 lioiirs were titrated In 
guinea-pigs. The results are given in Table VI II ; — 


Table VllL 



Number of 
hours at 

Fate 

OF GUINEA-ITO.'! IHOOULATED SUBDURALLY WITII 0‘2 ml. 
OUT.TURB IN DILUTION.S. 

OF 



1/600 

1/1,000 

l/2,.600 

116,000 

1/7,500 

1/10,000 

^'irus inoculum di- 
luted 1 in 6 with 
water. 

... 

9/10, 9/10 

9/10, 9/10 

s, s 

— 

— 

— 

Flask A (without 
serum). 

12 

— 

— - 

7/8, 7/9 

8/10, S 

S, S 

8/9, 9/10 

Flask B (with 6% 
serum). 

12 

— 

■ 

6/8, 6/8 

6/8, 6/8 

8/10, 8/11 

7/9, 8 

Flask 0 (with 10% 
serum), 

12 


- — 

■ — “ 

6/8; 6/8 

7/8, 7/9 

S, S 


Co^nmenl . — The virus content of the inoculum diluted 1 in 6 representing the initial 
concentration of the virus in the flasks was 5,000 m.l.d, per ml. The virus content of the 
cultures in flasks A and B containing no serum and 5 per cent serum respectively after in- 
cubation for 12 hours at 37°C. was 50,000 m.l.d. per ml. The virus content of the culture in 
flask C containing 10 per cent serum was only 37,500 m.l.d. per ml. This indicated that a con- 
centration of 10 per cent of sheep serum in the medium was not necessary. Although good 
results were obtained with medium containing no serum and 5 per cent serum, it was found 
that, while all the dilutions of the culture containing 5 per cent serum proved to be regularly 
infective, the infectivity of the various dilutions of the culture containing no serum was 
irregular. Therefore, experiments were undertaken to find out whether a concentration of 
serum between 0 and 5 per cent would give consistent results. 


Experiment B . — The above experiment was repeated with media containing 1, 2 and 5 
per cent sheep serum. Blask A contained 120 ml. of sheep-brain extract, 20 ml. each of r5 
per cent glycine and peptone, 18 ml, of distilled water and 2 ml. of sheep serum. Blask B 
contained the same quantities of brain extract, glycine and peptone with 16 ml. of distilled 
water and 4 ml. of sheep serum. Other constituents being the same flask C contained 10 ml. 
of distilled water and 10 ml, of sheep serum. An emulsion of the brains of four young guinea- 
pigs were added to each flask just before inoculation of the virus. Thirty-six ml. of the 
supernatant from a centrifugalized suspension of 20 per cent fixed virus sheep brain were 
added to each flask. The initial concentration of the virus in the flasks represented by the 
virus content of the inoculum diluted 1 in 6 was determined. After incubation for 
12 hours at 37°C., the contents of each flask were centrifuged separately for 10 minutes 
and the virus content of the supernatants titrated in guinea-pigs. The results are given 
in Table IX : — 

Table IX. 


Fate of giunea-figs inocoeated subdubaely 
Number ot with 0'2 ml. of cdltdbb ih dilutions. 



hours at 





37°C. 

1/1,000 

1/10,000 

1/16,000 

Virus inoculum diluted 1 in G 
witli water. 

... 

*s, s 

— 

— 

Flask A (with 1% serum) 

12 

— 

7/8, 7/8 

8/10, 8/10 

Flask B (with 2% serum) 

12 

— 

7/8, 7/8 

9/11, S 

Flask C (ivith .7% serum) 

12 

— 

0/S, C/S 

8/9, 8 
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Gommcni.—it will l^e seen from Table IX that the Initial virus content of the flasks was 
less tban 5,000 in.l.d. per ml. Although the maximum concentration obtained in cultures 
containing 1, 2 and 5 per cent serum was 75,000 m.l.d. per ml., it was found that all the 
animals infected ivith the various dilutions of the culture containing 1 per cent serum succumbed 
to th^ infection. One per cent serum concentration gave consistently good results and 
was generally adopted. A concentration of 2 per cent of sheep serum, however, was found 
to give better results in cultures with a medivim containing 1’5 per cent sheep-brain extract, 
2-5 per cent glycine and 0-15 per cent peptone without the addition of fresh young guinea- 
pig brain tissue and was always used with the above medium. 

5. Effect of incubating cultures under eerohic and strict anccrobic conditions. 

The followiug experiments were carried out to determine whether cultivation under 
fflrobic and anrcrobic conditions had any effect on the virus content of cultures grown in 
different media : — 

Experiment yl.— Each of the flasks A and B contained 60 ml. of one per cent sheep-brain 
extract, 1 ml. of sheep serum, 10 ml. each of I'S per cent glycine and peptone, and 9 ml. of 
distilled water. An emulsion of the brains of two young guinea-pigs and 18 ml. of the super- 
natant from a centrifugalized 20 per cent suspension of fixed virus sheep brain were added to 
each flask. Flask A was incubated lerobically and flask B under strict anaerobic conditions 
in a McIntosh and Fildes’ jar. The virus content of the inoculum diluted 1 in 6 and that of 
the supernatants in flasks A and B after 12 hours’ incubation at 37°C. were titrated in guinea- 
pigs. The results are given in Table X : — 


Table X. 



Number of 
hours at 

Fate of guiKea-pxgs inoculated subddrally 

CULTURE IN DILUTIONS, 

WITH 0'2 ML. OF 


37°C. 

1/2,000 

1/2,666 

1/10,000 

1/13,000 

1/20,000 

1/30,000 

Virus inoculum di- 
luted 1 in 6 with 
water. 


s, s 

S, S 

— 

— 

-- 

— 

Flask A (ffirobic) 

12 • 

— 

— 

6/s, S 

S/10, s 

— 

— 

Flask B (anffirobic) 

12 

— 

— 

6/8, 7/S 

6/8, 7/9 

10/12, S 

7/10, S 


Comment . — The initial virus content of the flasks before incubation was less than 10,000 
m.l.d. per ml. After incubation for 12 hours at 37°C. the virus content of the culture in flask 
A incubated serobically was 75,000 m.l.d. per mb. whereas the virus content of the culture 
in flask B meubated under strict an®robic conditions was 150,000 m.l.d. per ml. This 
indicated that although virus showed evidence of multiplication under both serobic and 
auEerobic conditions, the concentration of the virus in cultures incubated under strict 
anaerobic conditions was higher. 


Experhncnl B . — The above experiment was repeated with a medium consisting of 120 ml. 
of one per cent sheep-brain extract, 2 ml. of sheep serum, 25 mb of 20 per cent glycine. 20 mb 
of 1‘5 per cent peptone and 13 inl. of distilled water. To each of the flasks A and B 
containing the above medium were added an emulsion of the brains of four youna miinea- 
pigs and 3G mb of the supernatant from a 20 per cent suspension of fixed virus sheep brain. 
Flask A was incubated jerobically and flask B anaerobically. The virus content of the 
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inoculum diluted 1 in 6 and tliat of the supernatants of the twelfth-hoiu: cultures in flashs 
A and B were titrated in guinea-pigs. The results are given in Table XI 


Table XI. 


Fate of aviNBA-nas inoculated subui;bali.y vtitb 0-2 sib. of 
Number of culture in dilutions. 

hours at 

37°a — 


1/2,666 1/3,333 1/60,000 1/80,000 1/100,000 1/150,000 


Virus inoculum di- 
luted 1 in 6 with 
water. 

• ' • 

6/7, 10/12 

S, S 





Flask A (aerobic) 

12 

— 

— 

6/9, 7/10 

8/11, S 

S, S 

S, S 

Flask B (anaerobic) 

12 

— 

— 

— 

7/9, 7/9 

3/4, 7/10 

8/10, S 


Comment . — It ■will be seen from Table XI that the initial virus content of the flash's 
before incubation was 13,330 m.l.d. After incubation for 12 hours at 37°C. the virus content 
of the culture in flask A incubated aerobically was 400,000 m.l.d. per ml., whereas the vims 
content of the culture in flask B incubated under strict anaerobic conditions was 750,000 m.l.d. 
per ml., indicating that cultivation under strict anaerobiosis was more favourable for the 
multiplication of the virus. 

Experiment C . — The experiment was repeated with a medium consisting of 7’5 ml. of 
10 X->er cent steamed sheep-brain extract, 1 ml. of sheep serum, 6'25 ml. of 20 per cent glycine, 
5 ml. of 1’6 per cent peptone and 25'25 ml. of distilled water without the addition of fresh 
guinea-pig nerve tissue. Thirty-six ml. of. the supernatant from a 20 per cent suspension 
of fixed virus sheep brain were added to each of the flasks containing the above medium. 
Flask A was incubated mrobically and flask B anaerobically. The virus content of the 
inoculum diluted 1 in 6 and that of the twenty-fourth-hour cultures in flasks A and B were 
titrated in guinea-pigs. The results are given in Table XII : — 

Table XII. 


Fate of ouiNEA-rias inoculated subdurally with 0'2 ml. of 

CULTURE IN DILUTIONS. 


1/2,606 1/3,333 1/100,000 1/200,000 1/300,000 


Virus inoculum diluted 1 ... 5/7, S/10 S, S — — 

in 0 with water. 

Flask A (rerobic) 04 _ __ 20/12, S 9/11, S 

Flask B (anairobic) 24 — — G/S, 7/9 0/8, 7/9 


Comment . — It will be seen from Table XII that the initial virus content of the flasks wa 
13,330 m.l.d. per ml. After incubation for 24 hours at 37°C. the virus content of the nas 
A incubated airobically was 1,000,000 m.l.d. per ml., while that of fla.sk B iupuba c( 
anmrobically was 1. 500.000 m.l.d. per ml., indicating that strict anmrobiosis is more 
favourable for the multiplication of the virus. 
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Number of 
hours at 
37°C. 



6. Allcmpls to citllivalc rabies virus in a cell-free medium. 

In the early stages of the work an emulsion of the braiu of one young guinea-pig in 5 ml- 
of distilled water was added to every 45 ml, of a medium containing 30 ml. of one per cent 
sheep-brain extract, 0'5 ml. of sheep serum., 5 ml. each of To per cent glycine and peptone, 
and 4'5 ml. of distilled water. The concentration of the virus in the twelfth-hoiir culture 
was of the order of 75,000 m.l.d. ])cr ml. Later studies showed that by increasing the 
glycine content of the medium to 2 '5 per cent much higher concentrations of the virus could 
be obtained in 12 hours. 

Attempts were now made to determine if it was possible to eliminate from the medium 
fresh nerve tissue without affecting the virus titre of the culture. In order to avoid depletion 
of constituents probably essential for the growth of the virus and provided by guinea-pig 
brain tissue, it was considered desirable to increase the concentration of steamed cell-free 
sheep-brain extract to compensate for the deficiency. 


Experiment A . — To each of the flasks A. B, C, D and E were added 0‘5 ml. of 
sheep serum, 6'25 ml. of 20 per cent glycine and 5 ml. of 1’5 per cent peptone. To flask A 
was added 3 ml. of 10 per cent steamed brain extract, 30‘25 ml. of distilled water and an 
emulsion of the brain of one young guinea-pig. Flask B contained the same constituents 
without the guinea-pig nerve tissue. To flask C was added 7‘5 ml. of 10 per cent sheep-brain 
extract and 25'75 ml. of distilled water without fresh nerve tissue. To flasks D and B were 
added 15 ml. of 10 per cent sheep-brain extract and 18'25 ml. of distilled water. Fresh nerve 
tissue was not added to flask D, while 10 drops of an emulsion of the brain of a young guinea- 
pig in 5 ml. of distilled water were added to flask E. Thus, the final concentration of sheep- 
brain extract in the media in flasks A. B, C, D and E were 0'6, 0‘6, TS, 3 and 3 per cent res- 
pectively. An emulsion of the brain of a young guinea-pig was added to flask A, while only 
a few drops of brain emulsion were added to flask E, the latter to find out whether 
the addition of a small amount of fresh nerve tissue was absolutely essential to start the 
multiplication of the virus in the culture medium. Nine ml. of the supernatant from a 20 
per cent fixed virus sheep brain were added to each flask and the flasks incubated at 37°C. 
for 12 hours. The virus content of the inoculum diluted 1 in 6 and the supernatants from 
the flasks at the end of 12 hours’ incubation were titrated in guinea-pigs. The results are 
given in Table XIII 

Table XIII. 


F.\TB of GCTSEA-PIOS ISOCtTLiTED SOBDUEAELY WITH 0‘2 SET.. OF 
CVETOKB IX DILTJTIOXS. 


Oo 

U o 
o t> 
.a 

3 a 

^5 


1/2,000 1/2,066 1/3,333 1/15,000 1/30,000 1/45,000 1/60,000 


sheep- 

with 


Virus inoculum diluted 
1 in 6 with water. 

Flask A (0-6% s 
brain estraot ... 
guinea-pig brain). 

Flask B (0'6% sheep- 
brain extract with- 
out guinea-pig brain). 

Flask C (1‘5% sheep- 
brain extract ivith- 
out guinea-pig brain). 

Flask D (3% sheep- 
brain extract without 
guinea-pig brain). 

Flask E (3% sheep- 
brnm cxtnict with 


ten drops 
sion of 
brain). 


of an craul- 
guinea-pig 


12 


12 


12 


12 


12 


7/9,9/12 11/12,8 8, 8 


8, 8 
7/9, 7/9 
7/9, 7/9 
9/12, 8 


8, 8 


6/9, 7/10 S/lO, 8 

8 , 8 _ 


6/9, 9/11 6/9, 7/10 


7/9, 8/9 7/9, 8 


9/11. 9/11 8/10, 8 
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Comment . — It will be seen from Table Xtll tbat tlie initial virus content of tbe flasks 
was 13,330 m.l.d. per ml. At the end of 12 hours’ incubation the \drus content of flask A 
containing 0*6 per cent sheep-brain extract and young guinea-pig nerve tissue was 300,000 
m.l.d. per ml, while that of flask B containing the same percentage of sheep-brain extract 
without the addition of nerve tissue was less than 75,000 m.l.d. as it was not infective in a 
dilution of 1 in 1 5,000, the lowest dilution tested. The virus content of the cultures in flasks 
C and D containing TS and 3 per cent sheep-brain extract without guinea-pig nerve tissue 
and that of flask E containing 3 per cent sheep-brain e.xtract and a few drops of young guinea- 
pig nerve tissue was over 225,000 m.l.d. per ml. Unfortunately, the infectivity of cultures 
in flasks C, D and E in dilutions higher than 1 in 45,000 were not tried and, therefore, the 
highest concentration of the virus reached in the different flasks could not be determined. 
The experiment, however, clearly showed that it was possible to cultivate rabies virus in a 
medium containing sheep-brain extract, sheep serum, glycine and peptone without the addition 
of fresh young guinea-pig nerve tissue. The finding that all the animals infected with various 
dilutions of the culture in flask C containing 1‘5 per cent sheep-brain extract succumbed to 
the infection suggested that a concentration of 1*5 per cent sheep-brain extract in the medium 
was quite adequate. 

Experiment B . — The experiment was repeated in order to determine the highest concen- 
tration of the virus that could be obtained with the above medium under serobic and 
anaerobic conditions. 

To each of the flasks A and B were added 7*5 ml. of 10 per cent steamed sheep-brain 
extract, 1 ml. of sheep serum, 6*25 ml. of -20 per cent glycine, 5 ml. of 1*5 per cent peptone 
and 25*25 ml. of distilled water. Nine ml. of the supernatant from a 20 per cent suspension 
of fixed virus sheep brain were added to each of the flasks. Flask A was incubated aerobically 
and flask B under strict anasrobiosis. The initial virus content of the inoculum diluted l^m 
6 and the virus content of the culture in flasks A and B after 24 hours’ incubation at 37 C. 
uas titrated in guinea-pigs. The results are given in Table XII. 

Comment . — It will be seen from Table XII that the initial virus content of the cultures 
in the flasks was 13,330 m.l.d. per ml. After incubation for 24 hours at 37°C. the virus 
content of the culture in flask A incubated aerobically was 1,000,000 m.l.d. per ml., while 
that of flask B was 1,500,000 m.l.d. per ml. This showed that it was possible to obtam 
high concentrations of the virus with a culture medium containing 1*5 per cent sheep-bram 
extract, 2 per cent sheep serum, 2*5 per cent glycine and 0*15 per cent peptone without the 
addition of young guinea-pig nerve tissue and that the concentration of the virus was higher 
when the culture was incubated under strict anaerobic conditions than under aerobic 
conditions. 

Experiment C . — In experiment B the maximum dilution of the anaerobic culture tested 
and found infective was 1 in 300,000. The experiment was repeated to see if the results 
could be confirmed and whether dilutions higher than 1 in 300,000 would prove infective. 
The results are given in Table XIV : — 


Table XIV. 


Number of 
hours at 

Fate of guinea-pigs inoculated subdurally with 0*2 ml. of 

CULTURE IN’ DILUTION’S. 

37”C. 

1/2,000 

1/2,006 1/3, .333 1/300,000 1/500,000 

0 

24 

(anrerobic). 

G/S, 7/ 9 

S, S S, 8 - . 

— — 6/8, 7/9 0/8, 6/8 
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Comment -It will be seeii Irom Table XIV that tbe initial concentration of tbe virus in 
the flask was 10 000 m l.d. The virus content of the culture after 24 hours uicubation under 

2,500,000 xn.l.d. per ,nl . which is at 

concentration of virus obtained in the brains of infected sheep used in the manufacture 
antirabic vaccine. 


Experiment D.~The sheep-brain extract used in the above expenments was prepared 
by thoroughly grinding normal sheep brain with sterile glass-powder until a smooth pa t 
was obtained which, when examined under the microscope, showed that all cellular structm 
was crushed. The ten per cent emulsion was centrifuged for two hours at 3,000 r p.m. 
and the supernatant steamed for half an hour on each of three consecutive days. 
Therefore, the sheep-brain extract used in the preparation of the medium did not contain 

any cells. 

The sheep serum used in the medium was passed through a Seitz pad and therefore was 
cell free. 


In addition to glycine, peptone and distilled water the only other constituent added to 
the culture medium was the virus inoculum. The virus inoculum was also prepared by 
grinding fixed virus sheep-brain tissue witli sterile glass-powder until all cellular structure was 
crushed. The 20 per cent suspension was centrifuged for half an hour at 3.0G0 r.p.m. and 
the top layer of the supernatant was lused as the inoculum 

Thus, it will he seen that it was possible to cultivate the virus in a cell-free medium. 
In order to eliminate the possibility that the virus inoculum might have contained a few 
intact cells which might have been responsible fox the multipbcatiou; of the virus, 
the experiment was repeated using as the inoculum the supernatant from^ a 20 per 
cent virus suspension rendered cell free by passing through a filter (Ford Steriniat, grade 


F.C.B.). 


Flask A contained 30 ml. of 10 per cent steamed sheep-brain extract, 4 ml. of_ sheep 
serum, 25 ml. of 20 per cent glycine, 20 ml. of 1'5 per cent peptone and 101 ml. of distilled 
water. A 20 per cent suspension of fixed virus sheep brain prepared under sterile conditions 
was centrifuged and the supernatant passed through Sterimat F.C.B. pad. Thirty-six ml. 
of the filtrate were inoculated into 180 ml. of the medium. The initial virus content of the 
culture before incubation was determined. The flask was incubated under strict anaerobic 
conditions at 37°C. for 24 hours. At the end of 24 hours the virus content of the culture was 
titrated in guinea-pigs. The results are ^ven in Table XV : — 


Table XV. 


KumLcr of 
hours at 


F.JtTE OF 

GUlXEA-riGS INOCULATED SUDDURALLY WITH 0*2 ML. Or 
CrLTOlE IN DILYTIONS, 


ST'C. 

I/2.00Q 

lf3,000 

i(3,m Kso.ono 1/100,000 i/i30,ooo. 1/200,000 

1/300,000 

0 

ins, s 

G/.S, S 

S, .*1 — — — ~ 

— 

24 




— G.s, G'D 6/S, S'lO 7’!>, O'ln 0/9. .S 

,s, .s 

(atijorobic) 



- 


• will be seen from Table XV- that the initial concentration of tbe %-irus 

before ^ incubation was 15,000 in.Ld. per ml. After incubation for 24 hours 
at3( L. under strict anffitobje conditions the concentration was 1,000.000 m.l.d. ner ml 
tlius proving that the letiological agent of .rabies can be successfullv cultivated in a cell-free 
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7. Effect of incubation of ciiUnres for 24 hows. 

The following experiments were carried out to determine whether the concentration of 
the ^’irus obtained in cultures grown in various media could be raised by increasing the period 
of incubation from 12 to 24 hours : — 

Exjmiment A.— A flask containing 120 ml, of one per cent sheep-brain extract, 20 ml. 
each of 1-5 per cent glycine and peptone, 18 ml. of distilled water, 2 ml. of sheep serum and 
an emulsion of the brains of four young guinea-pigs was inoculated with 36 ml. of the super- 
natant from a 20 per cent suspension of fixed virus sheep brain. The initial virus content of 
the flask was determined. The culture was incubated at 37°C. At the end of 12 hours 
the culture was thoroughly shaken and 10 ml. pipetted out. This was centrifuged slowly to 
get rid of gross nerve tissue and the virus content of the supernatant titrated in animals. 
Similarly, the virus content of the twenty-fourth-hour culture was determined. The results 
are given in Table XVI : — 

Table XVI. 


Number of 
hours at 
37°C. 

Fate or auiNEA-riGS inoculated subdueally 
IVTTH 0'2 ML. OF CULTUBE IN DILUTIONS. 

1/1,000 

1/10,000 

1/15,000 

0 

s, s 

— 

— 

12 

— 

6/s, 6/S 

S/9, 8/9 

24 

— 

7/9, 9/10 

S, S 


Comment . — It will be seen from Table XVI that, while the virus content of the culture 
grown in the above medium was 75,000 m.l.d. that of 24 hours’ culture was 50,000 m.l.d, 
per ml. indicating a fall in the titre when the culture was incubated for 24 hoius. 

Experiment B . — The above experiment was repeated with a medium containing 1‘6 per 
cent sheep-brain extract, 2'5 per cent glycine, 0T5 per cent peptone and distilled water 
ovt the addition of serum and fresh guinea-pig nerve tissue. The culture was incubated under 
ansorobic conditions. 

Flask A contained 37‘5 ml. of 10 per cent sheep-brain extract, 3r25 ml. of 20 per cent 
glycine, 25 ml. of 1'5 per cent peptone and 13r25 ml. of distilled water. Forty rfive ml. of 
the supernatant from a 20 per cent suspension of fixed tous sheep brain were added to the 
flask and incubated at 37°C. under strict anasrobiosis. The initial virus content of the flask 
and that after 12 and 24 hours’ incubation were titrated in guinea-pigs. The results are 
given in Table XVII : — 

Table XVII. 


Number of 
hours at 
37°C. 

Fate of guinea-pigs inoculated subduballa' with 0‘2 jil, of 

CULTUBE IN DILUTIONS. 

1/2,000 

1/2,666 

1/100,000 

1/150,000 

1/200,000 

0 

7/9, 7/10 

S, S. 

— 

— 

— 

12 

— 

— 

8/10, S 

s, s 

s, s 

24 

— 

— 

6/8, 7/10 

7/9, 7/9 

6/8, S 
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Gommeni . — It w-ill be seen from Table XVII that the initial virus content of tbe flask 
was 10,000 ni.l.cl. per ml. The viru.s content after 12 and 24 hours' incubation was 500,000 
and 1,000,000 m.l.d. per ml., respectively, indicating that with the above medium the con- 
centration of the virus obtained after 24 hours’ incubation was greater than that obtained 
after 12 hours’ incubation. 

8. pH of (he media. 

In the earlier part of the work the medium generally used was that containing 0‘6 per 
cent sheep-brain extract, 1 per cent sheep serum, 0-15 per cent each of glycine and peptone 
and young guinea-pig brain tissue. The pH of the culture at the start of the experiment 
after the addition of one part of the supernatant from a 20 per cent suspension of fixed virus 
sheep brain to 5 parts of the medium was between 7'0 and 7-2. There was no marked change 
in the pH after incubation for 12 to 24 hours at 37°C. 'When, however, a medium containing 
1-5 per cent sheep-brain extract, 2 per cent shee]) serum, 2 5 per cent glycine and 0T5 per- 
cent peptone was used, the pH of the culture before and after incubation was 6-6, In this 
connection it is interesting to note that the pH of 10 per cent steamed sheep-brain extract 
used in the medium is 6’5. The question of buffering the medium or adjusting the pH to 7 
was therefore not considered necessary. 

9. Effect of serial passage. 

Several attempts were made to passage the virus in a culture medium containing 0'6 per 
cent sheep-brain extract, 1 per cent sheep serum. O' 15 per cent each of glycine and peptone 
and fresh young guinea-pig nerve tissue. Transfer to the second passage flask was made by 
centrifuging the twelfth-hour culture slowly, and then transferring 9 nd. of the supernatant 
to 45 ml. of the medium in the second flask. Tliis method of serial inoculation of cultxire 
media was repeated regularly. The main difiiculty encountered in carrying out serial 
passage of the cultures in vitro with the above medium was to keep the cultures sterile. 
The chief source of contamination appeared to be from the fresh guinea-pig nerve tissue 
which was added to the medium. The experiments showed that common contaminants 
such as Gram-positive cocci and bacilli had a deleterious action on the multiplication of 
the virus. 

In one experiment it was possible to carry the virus through three serial passages. The 
initiar virus content of the first passage flask before incubation was less than 5,000 m.l.d. and 
after 12 hours’ incubation 75,000 m.l.d. per ml. The virus content of the second passage 
flask after 12 hours’ incubation was also 75,000 m.l.d., while that of the third passage flask 
was only 50,000. The virus content of the fourth passage flask was not titrated as it was 
found to be contaminated. This experiment showed that but for the technical difficulty of 
keeping the cultures free from outside contaminants it was possible to carry the virus from 
flask to flask in vitro with evidence of multiplication. . 

The above experiment was repeated with a medium containing 1'5 per cent sheep-brain 
extract, 2 per cent sheep serum, 2'5 per cent glycine and 0'15 per cent peptone without the 
addition of fresh nerve tissue. The cultures were incubated at 37°C. under strict anrerobic 
conditions and inoculation of cidture media done at intervals of 24 hours. In this 
experiment the initial concentration of the virus in the first passage flask was 13.330 m.l.d. 
and the concentration after 24 hours’ incubation anajrobically was 1,500,000 m.l.d. per ml. 
oerial passage was continued and only the fourth passage culture after 24 hom-s’ incubation 
was inoculated into guinea-pigs. The culture, although sterile, did not prove to be infective 
even in 1 in 1,000 dilution indicating that the virus concentration was less than 5,000 m.l.d. 
the factor or factors responsible for the fall in the titre of the cultures on serial nassa^e are 
under investigation. ^ ” 


•10. The highest co7iccnira{ion of virus obtained in cultures. 

^igtiest concentration of virus so far obtained in cultures has been with a medium 
Rlvcine r®’' steamed sheep-brain extract, 2 per cent sheep serum, 2'5 per cent 

g y n and 0 lo per cent peptone to which has been added the supernatant from a 20 per 
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cent suspension of fixed virus slieep brain in tbe proportion of- 1 part to 5 parts of tlie above 
medium. The initial virus content of tbe culture generally varies from 10,000 to 16,665 
m.l.d. per ml. But, after incubation for 24 hours at 37°C. the virus content of the culture 
rises to 2,500,000 m.l.d. per ml. 

11. Immunizing value of culiwe virus. 

Proof that the cidture material was rabies virus was obtained by immunizing guinea-pigs 
and ra})bits intraperitoneally with the culture virus and testing them three weeks later for 
resistance to subdural injection of fixed virus or intramuscular injection of a virulent strain 
of street virus. The results of the immunity experiments indicate that when the \Trus con- 
tent of the culture vaccine is adjusted to be equal to that of 5 per cent phenol vaccine 
it affords protection against 1,000 subdural lethal doses and is superior to that obtained with 
plienol vaccine. The details of the ‘work are presented in another paper (Veeraraghavan, 
1946, p. 225 this issue). 


Discussion. 

It will be clear from the observations recorded that a high concentration of rabies virus 
can be obtained in cultures in vllro in a medium containing 1'5 per cent sheep-brain extract. 
2 per cent sheep serum, 2‘5 per cent glycine and 0'15 per cent peptone without the addition 
of fresh young guinea-pig brain tissue. The initial concentration of the Aurus in cultures 
with the above medium varies from 10,000 to 16,665 m.l.d. per ml. After 24 hours’ incuba- 
tion at under strict anaerobic conditions the titre of the culture rises to at least 
2-5 million m.l.d. per ml. indicating that the virus has multiplied in the medium. 

There is a marked fall in the concentration of virus when one part of the supernatant 
from a 20 per cent suspension of fixed virus is added to five parts of distilled water, pH 6’6 
and the mixture incubated for 24 hours at 37°C. This observation together with the finding 
that a high concentration of ‘the virus can be obtained in cultures grown in a cell-free 
medium clearly indicates that the rise in virus concentration in cultures is not due to a 
simple process of autolysis, but is the result of actual multiplication of the virus in the culture 
medium used. 

The effect of varying the concentrations of different ingredients used in the culture 
medium, has been studied. In the absence of fresh nerve tissue it was found that a cbncen- 
tration of T5 per cent of steamed sheep-brain extract was necessary for the multiplication of 
the virus. The optimum concentration of glycine necessary was found to be 2’5 per cent, 
while a concentration of 0T5 per cent peptone considerably helped the multiplication of the 
virus. Evidence of multiplication of the virus could be obtained in cultures grown in media 
which did not contain serum. A^Tien serum was added to the culture media in concentrations 
of 1 or 2 per cent the results obtained were, however, much more satisfactory. 

The concentration of the virus obtained in cultures incubated for 24 hours at 3i C. 
under strict anmrobic conditions was much higher than that incubated under lerobic 
conditions. This observation would explain the fact that deep bites are more dangerous 
than superficial ones (McKendrick, 1938). 

A number of workers have shown that rabies virus can be cultivated in tissue culture. 
The media used by them invariably contained rabbit-, mouse-, rat- or chick-embryo brani 
tissue with serum-Tyrode solution. In this paper experimental evidence is presented for 
the first time to show that the addition of fresh embryonic tissue to the medium can be dis- 
pensed witli and that it is possible to cultivate the virus in a medium containing no bvmg or 
growing cells. The fact that the setiological agent of rabies could be cultivated in a cell-free 
medium conclusively proves that it is not a virus in the fully accepted sense of the word. 
This finding lends support to the view put forward by Veeraraghavan (1944, 3945) that an 
agent other than a raus may be connected with the retiology of rabies. 

The medium is easy to prepare and the technique of cultivation is not difficult. 
virus ran be cultivated in any quantity provided the proportions of the various ingredients 
used in the medium are maintained. 
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Tlie chief clifficnltj experienced so far in using culture vires as a source of ai^tirabic 
vaccine has been its low virus content. The concentration of the virus obtained in cultures 
with 1-5 per cent sheep-brain extract. 2 per cent sheep serum. 2-5 per cent glycine and 0-15 
per cent peptone assessed in terms of minimum lethal closes for the guinea-pig has been found 
to he much higher than that reported by previous workers using mice as experimental 
animals. 

Immunity experiments (Veeraragbavan, 1946, p. 225 this issue) with culture vaccine 
show that when its virus content is adjusted to be equal to that of 5 per cent phenol vaccine 
it affords a cou.siderable degree of protection against fixed wus given subdurally or street 
virus given into the neck muscles. Protection results udth the culture vaccine are in no way 
inferior to that obtained with phenol vaccine. 

Tlie ■virus content of the culture is at least five times the maximum concentration of 
vires obtained in the brains of infected sheep used in the manufacture of antiiabic vaccine 
and 100 times that present in 5 per cent phenol vaccine. If immunity following vaccination 
is dependent on the virus content of the vaccine used it should be possible to administer in 
r4 ml. of culture vaccine the virus content of 140 ml. of 5 per cent phenol vaccine at present 
used in the treatment of class III patients thus reducing considerably (a) the dosage of vaccine 
administered, (b) the duration of treatment, and (a) the amount of nerve-tissue protein given. 


SmiMARV. 

1. A simple medium containing steamed sheep-brain extract, sheep serum, glycine and 
peptone is described for the cultivation of rabies fixed rums fu vilro. It is possible to obtain 
in cultures with the above medium at least five times the maximum concentration of virus 
obtained in the brains of infected sheep used in the mannfacture of antirabic vaccine. 

2. Cultivation under strict anaerobic conditions is more favourable for the multi- 
plication of the virus than under asrobie conditions. 

3. The successful cultivation of the aetiological agent of rabies in a cell-free medium 
proves that it is not a virus in the accepted sense of the term. 

4. Protection afforded by cultuie vaccine whose virus content is adjusted to be equal 
to that of 5 per cent phenol vaccine compares favourably with that obtained with phenol 
vaccine. 

5. With the high concentration of the vires obtained in cultures it should be possible 
to administer in 1-4 ml. the virus content of 140 ml. of 5 per cent phenol vaccine at present 
used in the treatment of class III patients. 


Ackxowledgmext.s. 

The author desires to express his grateful thanks to Lieut .-Colonel L. Ahuja, 

T).p.u., i.M.s.. Director. Pasteur Iirstitute of Southern India, C'oonoor, for his valuable 
guidance, kind help and encouragemeiff. He is indebted to Dr. A. G. Brookes, d t M , i Ji n 
of the Central Research Institute, Kasauli, for helpful suggestions. His thanks are’ due to 
his Laboratory Assistants, Hr. M. R. Ajjah and Ifr. A. Kulla, for the technical help received 


Beekkopf. 

(1937). 


REFERENCES. 

H., ami Keiglek, I. J. Bril. Jour. Krper. Pnih., p. 4S1. 


KasaJaw.^., K. (193G) 

fdein (1937) ... 

LeV-aditi, C. (1914) 

McKexdbick, a. G. (193S) ... 

Noouchi, H. (1913) ... 

P.ARKER, R.AVMOKD, C., and Holefsdek, 
Avcfsta, j. (1945). 

Stoel, G. (1930) 

Veekaraokavas, N. (1941) 

Idem (1944) 

Idem (1945) 

fdem (1946) “ 


.rn;wn Jour. Expn. Med., 14, p. 319. 

Jhd., 15, p. 17. 

C. R. Arad. .S'ci,, 159, p. 284. 

Qunrl. Bull. nith. Org. L. 0. X., 7, p. 1. 

.four. Exp^r. ihd., 18, p. 314. 

Pror. Sor. Exper. Biol, d- Med., 60, p. 94. 

C. R. Soc. Biol., 104, p. 851. 
hid. Jour. Med. Rec., 29, p. 303. 

ibid., 32, p. 207. 

Ibid., 33, p. 285. 

34, p, 22.5 (this issue). 


J, MR 


( 223 ) 


9 



Waldhekek (1936) 

Webstee, L. T., nnd Casaes, J. (1941) 
Webstee, L. T., and Clow, A. D. (1936) 
Idem (1937) 


Zevi.f. BahL, I. Abt, Orig., 135 , p. 269. 
Jour. Exjjer. Med., 73 , p. 601. 

Science, 84 , p. 487. 

Jour. En-ptr. Mejl., 66 , p. 12.6. 


Addendum . — Tlio following observations were made after tlic paper was sent for publication : — 

The addition of certain accessory factors had a beneficial effect on the growth and multiplication of the virus 
in vitro. Titres as high as 600 million m.l.d. per ml. (as compared with 2‘6 million m.I.d. per ml. reported*in the 
paper) were obtained when thiamine hydroehloride, pyridoxine hydrochloride, calcium pantothenate, nicotinic 
acid and riboflavine were added in a concentration of 2 pg. per ml, to the medium containing 1'6 per cent steamed 
sheep-brain extract, 2 per cent sheep serum, 2"5 per cent glycine, 0‘002 per cent trj^ptophane and 0T.5 per cent 
peptone. 

With the above medium containing all the accessory factors and Tyrode solution, used as a diluent instead of 
distilled water, but, without (he addition of normal sheep-brain extract, it was possible to step up the titre to 100 
million m.l.d. per ml. 

The use of Waring blender for emulsification of brain was found 'to be of definite advantage. When a blender 
was used for the preparation of sheep-brain extract and virus inoculum it was possible to obtain a titre of 25 million 
m.l.d. per ml. rvith a medium containing TS per cent steamed sheep-brain extract, 2 per cent sheep serum, 2-5 per 
cent glycine and 0T6 per cent peptone. The cultures were incubated for 48 hours under strict anserobic conditions. 

The details of the work will be published later. 

N, Veeeaeaghavan, 

I6lh October, 1946. 


\ 
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Iktrodtjction. 

Since rabies vaccine was first used it bas been subjected to many types of experimental 
tests to determine its immunizing properties. Webster (1939a) in a review of the subject 
emphasized the general lack of positive results in the light of statistical analysis of 
published protocols. Webster (19396) evolved a quantitative test for measuring the immuniz- 
ing potency of antirabic vaccine. Employing this technique he found that commercial 
vaccines inactivated with phenol and prepared for the treatment of man, in general, failed 
to”protect mice. 

The chief defects with 5 per cent Semple’s vaccine used in India are the following : — 

1 . The virus content of the vaccine is not known. Quantitative estimations of the virus 
content of the brains of sheep used in the manufacture of antirabic vaccine show a considerable 
degree of variation. Habel (1940«, 19406, 1941) has studied the various factors influencing 
the virus content of the brains of animals used in the preparation of antirabic vaccine and 
attention to the details enumerated by him should reduce variations in the titre to reason- 
able limits. 

2. The antirabic vaccine contains a large amount of nerve tissue which is unlikely of 
itself to have any antigenic value. When vaccines containing killed virus are used in treat- 
ment, the normal nerve tissue pre.sent in them is believed to be the cause of neuroparalytic 
accidents (Remlinger, 1937). 

3. The vaccine is administered in large doses over relatively long periods (up to 10 ml. 
daily for 14 days) and it is, therefore, cumbensonie both from the point of mew of the patient 
and medical attendant. 

One of the important problems in rabies is to evolve a refined vaccine of greater immuni- 
zing value, which could be given in smaller doses over a shorter period of time and which would 
be free from possible by-effects such as paralytic accidents. It is evident that most of the 
defects in Semple’s vaccine could be remedied if the \drus could be obtained in high concen- 
trations in cultures in vitro. Web.ster and Clow (1936, 1937) reported the successful cultivation 
of the rabies virus in vitro and the .successful immunization of animals with culture Hrus, 
Kligler and Betnkopf (1938) found that formolized tissue-culture virus possessed considerable 
immunizing properties. Hodes, Web.ster and Lavin (1940) reported that rabies culture 
virus exposed to the rays of a mercury vapour lamp lost its virulence and yet retained 
considerable immunizing potency. But Webster and Casals (1941), after a considerable 
amount of work on the subject?, c.aine to the conclusion that from a practical point of view 
culture virus was not a satisfactory source of rabies vaccine due chiefly to its low content 
of virus. 


Veeraraghavan (1946, p. 207 this issue) reported that it was possible to obtain high 
eonceutrations of the virus in cultures with a medium containing sheep-brain extract, sheep 
senim, glycine and peptone with or without the addition of young guinea-pig nerve tissue. 
With the above technique it has been possible to prepare a vaccine which is free from gross 
nerve tissue and contains only a small fraction of the nerve-tissue protein present in phenol 
vaccine. The virus content of the vaccine is high and can be easily standardized. Tbe 
culture vaccine administered in small doses bas considerable immunizing properties. This 
paper records the e.xperiinental data connected with tlip preparation and standardization of 
culture vaccine together with the results of immunity experiments. 
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trioliloracetic acid for the precipitation of the protein fraction. The’'resulfcs are given in 
Table II : — 


Table 11. 



Total nitrogen in 
mg. per 100 ml. 

Non-protein nitro- 
gen in mg. per 
100 ml. 

Protein nitrogen in 
mg. per 100 ml. 
{b 3 r difference). 

Medium : 




yheep-bram extract 

lO-l) 

2-0 

8-0 

Sheep serum 

lO'O 

1-0 

9-0 

Glycine 

32-0 

32-0 

... 

Peptone 

26-0 

26-0 


Fixed virus sheep brain (20%) used as inoculum 

32-0 

15-0 

17-0 

Added guinea-pig brain tissue 

20-0* 

4-0* 

16-0 

Total in culture vaccine 

130-U 

SO'O 

60-0 

5% phenol vaccine 

63-U 

14-0 

49-0 


* CaJciiiatcd figures. 


Comment . — It vdll be seen from Table II that the protein- nitrogen content of the 
culture vaccine and 5 per cent Semple’s vaccine are almost equal. But 20 per cent of the 
protein nitrogen of the culture vaccine is due to the sheep serum used in the medium. 
Thus, although the culture vaccine contains at least three times the concentration of virus 
present in Semple’s vaccine, its protein-nitrogen content, due chiefly to the nerve tissue 
present in it, is only 80 per cent of the latter. 

The non-protein nitrogen content of the culture vaccine is greater than that of Semple s 
vaccine and this is due mainly to glycine and peptone. 

5. Immunity exj)ei’ime'itts. 

The immunizing properties of culture vaccine prepared according to the method described 
above were investigated in parallel with 5 per cent phenol vaccine. Gninea-pigs and rabbits 
were used and the technique employed for assessing the immunizing potency of the yacemes 
was a modification of the mouse test described by Habel (lOdOb) adapted for the guinea-pig- 


(a) Experiments with fixed virus subdurally us the test dose. 

Experiment I . — Culture vaccine was prepared according to the method described aboye. 
The virus content of the twelfth-hour culture proved to be 76,000 m.l.d. per ml. Incubatiou 
of the culture for 72 hours at 37°C. after the addition of 0'5 per cent carbolic acid had rendered 
it non-infecti\'c to guinea-pigs when given subdnraily. This vaccine was used in the 
treatment of animals along with a brew of 5 per cent Semple’s vaccine prepared for the 
treatment of human patients. 

Fifty-seven guinea-pigs, each weighing between 350 g. and 400 g., were divided into five 
groups, four of 12 each and one of 9. The first group (12 animals) was treated with culture 
vaccine diluted one part in seven jiarts of normal saline. The second group (12 animals) was 
treated with culture vaccine diluted one part in three and a half parts of normal saline. Tlic 
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third group (12 animals) received undiluted culture vaccine and &e iourtli group (12 animals) 
received 5 per cent phenol vaccine. The treatment consisted of six 1-inl, doses of the vaccine 
given intraperitoneally on alternate days. The last group (9 animals) ivas not treated and 
served as control. 

On the 21st clay after the coininencenieut of treatment all the animals were given subdur- 
ally 0‘2 ml. of .serial tenfold dilutions in distilled water of supernatant from a centrifugalized 
10 per cent suspension of fixed virus passaged in rabbits. The treated groups of animals 
were divided into batches of four and the untreated group into batches of three. All the animals 
in each batch received a particular dilution of the virus. The protection conferred by various 
methods of treatment was estimated in terms of subdural lethal doses. The results are 
summarized in Table III ; — 


Table III. 


Fan: of uuissA-pias ixocitlatud os the 21st dav 
AFTEE coMMENcrsG TBEATJiEST WITH 0-2 ML. Number of 
OF FIXED VIEUS SUBDUBALLY XS DILUTIOSS. m.l.d. + 

Group. Dose of vaccine. protection 

— . — (dilution = 

1 m.l.d.). 

1/lOU 1/1,000 1/10,000 1/100,000 


I 

Sis doses of 1 ml. of 1 iii 7 
dilation of culture vaccine, 
intraperitoneally on alternate 
days. 

3/4* 

2/1 

1;4 

— 

00 

II 

Sii; dose.s of 1 mi. of 1 in 3'5 
dilution of culture vaccine 
intraperitoneally on alternate 
days. 

2/4 

oM 

0/4 


350 

m 

Six doses of 1 mi. of undiluted 
culture vaccine intraperitoue- 
ally on alternate days. 

2/4 

{>'4 

0/4 

* 

550 

IV 

Six doses of t mi. of 5 per cent 
phenol vaccine intraperitone- 
ally on alternate days. 

3/3 

3/4 

0/4 

— 

oo 

V 

Untreated controls 

— 

3/3 

.3,3 

1/3 

(1/55,000) 


Nolc. — 3/4*= 3 out of 4 guinea-pigs injected died of rabies. 

+ = All 50 per cent end' iioints estimated by the method of Reed and Muoncb (1038). 

— = Dilution not tested. 


Covmeui. It will be seen from Table III that cultiure vaccine containing the same or 
higher conceiitration of virus than that present in 5 per cent phenol vaccine affords consider- 
able degree of protection to guinea-pigs under conditions of the test described. The protec- 
tion afforded by 5 per cent phenol vaccine used in this exjieriment and culture vaccine diluted 
1 in 7, whose virus content was half that of phenol vaccine, was rather low. 


II.— The virus content of the culture vaccine used in the experiment was 
/o,000 m.l.d. per ml. This imccine was used in the treatment of animals along with a brew 
oi 0 per cent phenol vaccine prepared for the treatment of human patients. 

.f S«>“ea-pigs each weighing about 700 g., were divided into four groups, three 

of 10 each and one of 4. The first group (10 animals) was treated with culture vaccine diluted 
one part in i parts of saline. One of the animals iii this group cbed of sepsis on the fourth clav 

second group (10 animals) was treated with 
culture laccmc diluted 1 m d’o with sabnc. One animal in this group also died of sepsis on 
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the ninth day after the commencement of treatment. The third group (lO animals) received 
5 per cent phenol vaccine. The treatment consisted of six r75-ml. doses of the vaccine given 
intraperitoneally on alternate days. The last group (4 animals) was not treated and served 
as control. 

On the 21st day after the commencement of treatment all the animals' were given 
subdurally 0-2 ml. of a 1 in 1,000 dilution in distilled water of rabbit fixed virus. -The 
virus inoculum was prepared by diluting one part of thu supernatant from a centrifugalized 
10 per cent suspension of fixed virus in 99 parts of distilled water. The results are given in 
Table IV 


Table IV, 


Group. 

Method of treatment. 

Number 

treated. 

Number died 
of i-abies. 

Average 
incubatioH 
period in 
days. 

Mortalit}' 
per cent. 

I 

Si.x doses ofl'75 ml. of 1 in 7 dilution 
of culture vaccine intraperitoneally 
on alternate days. 

9 

3 

6 

33 

II 

‘Six doses of 1‘75 ml. of 1 in 3‘o dilution 
of culture vaccine intraperitoneallj' 
on alternate daj’s. 

9 

2 

9‘5 

22 

III 

Six doses of r7o ml. of 5% phenol 
vaccine intraperitoneally on alternate 
days. 

10 

4 

17 

40 

IV 

Untreated controls 

4 

4 

6^5 

100 


Comment . — It will be seen from Table IV that 3 out of 9 animals treated with culture 
vaccine diluted 1 in 7, 2 out of 9 animals treated with culture vaccine diluted 1 in 3 '5, 4 out 
of 10 animals treated with phenol vaccine and all the controls died. The results indicate that 
the protection afforded by culture vaccine diluted 1 in 3 '5, whose virus content is equal to that 
of phenol vaccine, is in no way inferior to that obtained with phenol vaccine. 


Experiment III . — The brain of a sheep completely paralysed after subdural inoculation 
with rabies fixed virus was removed aseptically. The virus content of the brain was 400,000 
m.l.d. Culture vaccine was prepared from one half of the brain and 5 per cent phenol 
vaccine from the other half. The virus content of the culture was 75,000 m.l.d, per inl. It 
was diluted 1 in 3 '5 with normal saline so that the virus content of the culture vaccine was 
about the same as that of 5 per cent phenol vaccine prepared from the same brain. A group of 
animals w'as also treated with a pooled vaccine prepared by mixing equal quantities of phenol 
vaccine prepared from the brains of 20 different sheep. 

Eighty-six animals each weighing about 400 g. were divided into four groups, three of 22 
each and one of 20. The first group (22 animals) was treated with culture vaccine dilutecl 
1 in 3‘5. The second group (22 animals) w^as treated with 6 per cent phenol vaccine prcparec 
from the same infected sheep brain used for the preparation of culture vaccine. The tlur 
groiip (22 animals) was treated with pooled phenol vaccine. The treatment consisted of six 
1-ml. doses of the vaccine given intraperitoneally on alternate days. The last group was no 
treated and served as control. 

On the 21st day after the commencement of treatment all the treated animals and J 1 out of 
20 of the untreated controls were given 0'2 ml. of a 1 in 1,000 dilution of fixed virus passaged m 
rabbits in distilled water. The virus inoculum was prepared by diluting one jiarf^ of the .super- 
luitaut from a centrifugalized lU per cent suspension of fixed virus in 99 parts of distilled water, 
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The remaining 9 animals were ctivided into three equal groups. The animals in the first group 
were given 0’2 ml. subdurally of a 10"^ dilution of fixed virus. The second group received 
0-2 ml. of 10~® dilution and the third group 0-2 ml. of a 10"® dilution subdurally. The results 
are summarized in Table V : — ■ 

Table V. 


Fate of guisea-figs isogglated ox the 21st day 
AFTER COMMEXCING TKEATMEXT with 0’2 jME. or 
FIXED VIRUS SUBDURALLY IX .DZLUTIOKS. 


Dose of vaccine. 


Kumber of 
m.l.d. 




10“® 

10"^ 

10~® 

10“® 

protection. 

I 

Six doses of 1 ml. of I in 3'5 
dilution of culture vaccine 
intraperitoneally on alternate 
days. 

5122* 

— 

— 

— 

1,000 

II 

Six doses of 1 ml. of 5% phenol 
vaccine prepared from the 
same brain intraperitoneally 
on alternate days. 

12/22 




<1,000 

III 

Six doses of 1 ml. of pooled 5% 
phenol vaccine intraperitone- 
ally on alternate days. 

15/22 




<1,000 

IV 

Untreated controls 

11/11 

3/3 

3/3 

0/3 

... 


yate. — 5/22* = o out of 22 guinea-pigs injected died of rabies. 
— = Dilution not tested. 


Comment . — It will be seen from Table V that 5 out of 22 animals treated with culture 
vaccine, 12 out of 22 animals treated with phenol vaccine prepared from the same brain u.sed 
for the preparation of culture vaccine, and 15 out of 22 animals treated with pooled phenol 
vaccine died of rabies. All the untreated controls inoculated with 10"®' 10“^ and 10”*^ dilu- 
tions of the virus succirmbed to the infection indicating that the test dose contained at least 
.1,000 minimum subdural lethal doses. The highest infective dilution of .sheep brain used in 
the preparation of phenol vaccine and culture vaccine was 1 in 80.000 .showing that the viru.s 
content of the phenol vaccine used in this experiment was the highest that is ordinarilv 
obtained. The results indicate that the protection aiforcled by culture vaccine whose rdrus 
content is adjusted to be equal to that of phenol vaccine with a high virius content is 
superior to that obtained with phenol vaccine. The immunizing value of pooled iihenol 
vaccine used in this experiment was rather low. 


(6) Experiment with street virus given inlramuscnlarhj as the test dose. 

fi'.Tj)en’»ien(.~Fi{ty-one rabbits, each weighing about 1.300 g.. were diifided into three 
groups of 17 each. The first group (17 animals) was treated witli culture vaccine used in the 
previous experiment diluted 1 m 3-5. The second group (17 animals) was treated n-ith pooled 

obtained bv mimng equal quantities of the vaccine prepared from 
20 different i^ected sheep brains The third group (17 animals) was not treatid and served 

mi SSle tataperitoEclly 

A strain of rabies street virus obtained from a do" was <nvpn snKrlnr^u,- 
The animals showed signs of furious rabies on the seventh day anddied on Jhe ninth^dar'' Tfn 
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ml. of the supernatant from a centrifugalized 10 per cent suspension of the above brain 
were diluted with 90 ml. of distilled water. One ml. of the 1 per cent suspension so 
obtained was inoculated into the neck muscles of each of the rabbits. The results are given 
in Table VI 


Table VI.' 


Group. 

Jlethod of treatment. 

Number 

treated. 

Number died 
of rabies. 

Average 
incubation 
period in 
days. 

Mortality, 
l)Br cent. 

I 

!Six doses of 3 ml. of 1 in 3‘5 dilution 
of culture vaccine intraperitoneally 
on alternate days. 

17 

0 

... 

0 

II 

yix doses of 3 ml. of pooled 5% phenol 
vaccine intraperitoneally on alternate 
days. 

17 

1 

74 

6 

III 

Untreated controls 

17 

17 

13 

100 


Comment . — It will be seen from Table VI that none of the animals treated with culture 
vaccine, 1 out of 19 animals treated with j pooled phenol vaccine and alPthe untreated 
controls died of rabies. These results indicate that culture vaccine, which is the same as 
that used in the previous experiment, affords verj' good protection against street virus. 
Protection results with pooled 5 per cent phenol vaccine used in this experiment were 
equally good. 


6 . An improved cuUure vaccine. 

All the worJr described so far in this paper wms with a culture vaccine prepared with a 
medium containing 0‘6 per cent sheep-brain extract, 1 per cent sheep serum, 0T5 per cent each 
of glycine and peptone and fresh young guinea-j)ig nerve tissue. The concentration of the 
virus obtained in cultures with the above medium was never more than 75,000 in.l.d. per ml. 
Subsequent work showed that it w'as possible to obtain concentrations as high as 2,50.0,000 
m.l.d. per ml. in cultures with a medium containing r5 per cent sheep-brairi extract, 2 percent 
sheep serum, 2'5 per cent glycine and O' 15 per cent peptone without the addition of fresh young 
guinea-pig nerve tissue (Veeraraghavan, loc. cit.). The method of preparation of culture 
vaccine is given below' : — 

Thirty mi. of 10 per cent sheep-brain extract, 4 ml. of sheep serum, 25 ml. of 20 per cent 
glycine, 20 ml. of r5 per cent peptone and 101 ml. of distilled W'ater were placed in a flask. 
Thirty-six ml. of the supernatant from a centrifugalized 20 per cent suspension of fixed virus 
sheep brain were added to the flask. The flask was inculiated at 37°C. under strict anaerohjc 
conditions in a hlcKintosh and Fildes’ jar. After 24 hours’ incubation the virus content of the ^ 
culture was titrated in guinea-pigs. Adequate amounts of 10 per cent carbolic acid w'ere then 
added to the culture so that the final concentration of the acid was 0'5 per cent. After the 
addition of carbolic acid the culture wms incubated at 37°C. for 72 hours. After 72 hours 
incubation the undiluted culture wms inoculated subdurally into at least two guinea-pigs in 
order to find out if the virus wms killed. 


With the above technique the addition of fresh young guinea-pig nerve tissue^ to the 
medium at the start of the experiment and removal of the same after incubation is dispenser 
with. The maximum concentration of the virus in cultures wdth the above medium is olitamcu 
after 24 hours’ incubation instead of 12 hoius wdiich makes the technique convenient from a 
practical jioiiit of view. The virus content of the cultures is generally in the neighbourhoof 
of 2,5(H>,0()i) m.l.d. per ml. which is about five times the maximum concentration 
in the brains of infected sheep used in the manufacture of 5 per cent ])henol vaccine 
times that present in phenol vaccine prepared under ideal conditions. Thus it should be 
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possi])l6 to administer in 1-4 ml. the virus content present in 140 ml. of phenol vaccine at 
present used in the treatment of class III patients. 

Incvdjation of the cultures for 72 hours at 37‘’C. after the addition of 0-5 ])er cent carbolic- 
acid kills the virus. The cultures are rendered avirulent when exposed in a petri dish to the 
rays of a mercury vapour lamp for 10 minutes, the distance from the lamp being 30 cm. and 
the height of the liquid column 2 mm. 

The vaccine prepared by the above method is free from gross nerve tissue and its protein 
content compares favourably with that of 5 per cent phenol vaccine. The results of the 
nitrogen estimations with the culture vaccine are given in Table VII : — 


Table VII. 



Total nitrogen 
in mg. per 

100 ml. 

Non-protein nitro- 
gen in mg. per 

100 ml. 

Protein nitrogen 
in mg. per 

100 ml. 

(by difFerence). 

Medium : 




Sheep-brain extract 

ll-O 

3-0 

8-0 

Sheep serum ... 

18-0 

2-0 

18-0 

Glycine 

416-0 

416-0 

... 

Peptone 

24-0 

24-0 

... 

Fixed virus sheep brain (20%) used as inoculum 

31-0 

15-0 

16-0 

Total in culture 1 aecino 

500-0 

460-0 

40-0 

5% phenol vaccine 

64-0 

14-0 

60-0 


Discussion. 

The preparation of the culture vaccines described in this paper is not difficult. All the 
ingredients used in the culture medium can be readily obtained. The maximum concentration 
of the virus in cultures with a medium containing TS per cent sheep-brain extract, 2 percent 
sheep serum, 2-5 per cent gl}^cine and O’ 15 per cent peptone without fresh young’ guinea-pig 
brain tissue is obtained in 24 hours. The inactivation of the virus with O'S per cent carbolic 
acid takes three days. The vaccine can be used a fortnight later when animal experiments 
have shown that it contains the requisite amount of killed virus. This period compares 
favourably with that required for the preparation of 5 per cent phenol vaccine. ^ ' 

The virus content of the inoculum used for inoculating the cultures has to be high if a 
satisfactory concentration is to be obtained. The supernatant from a centrifugalized 20 
per cent suspension of fixed virus sheep brain has been used as the source of virus inoculum 
and has given consistently good results. If the culture vaccine is to be prepared in lame 
quantities, large amounts of infected brain tissue will be necessary for inoculating the 

In p for fhe purpose. A convenient method would be 

to keep the Pans strain of rabies fixed virus passaged m rabbits, infect sheep with the rabbit 
virus, and use the infected sheep brain as the source of virus inoculum for cultures 

onlyXil»i:^dff!S4Sr£S^ 
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Estimations of tlie virus concentration of tire brains of infected sheep used in the manu- 
facture of antirabic vaccine show a marked variation in the virus content. Therefore, the 
virus content of different brews of phenol vaccine prepared from the brains of different sheep 
must vary considerably. Assuming that the immunizing efficiency of antirabic vaccine is 
dependent on its virus content the immunity afforded by a vaccine prepared from a sheep- 
brain infective in a dilution of 1 in 10,000 would be one-tenth that of a vaccine prepared from 
a sheep-brain infective in a dilution ol 1 in 100,000. Both vaccines contain 5 per cent 
infected sheep-brain tissue. In the absence of any sound method of standardization of the 
mrus content of Semple’s 5 per cent vaccine it would appear desirable that in order to 
obtain a product of fairly uniform virus content the vaccine prepared from 10 or 20 brains 
should be pooled and issued as a single brew. 


The virus content of the culture vaccine is accurately determined and the vaccine can he 
standardized in terms of m.l.d. per ml. This is a definite improvement over 5 per cent phenol 
vaccine where the virus content is unknown and variable. Since the Paris strain of rabies 
fixed virus is always used in the preparation of antirabic vaccine, an exact idea as to the virus 
content would serve as a reliable index to the immunizing potency of the vaccine. Eor instance, 
if the modified cultime vaccine containing not less than 2.500,000 m.l.d. per ml. of killed virus 
is always used in the treatment there is reasonable hkelihood of the immunizing potency 
of the vaccine being uniform. This would obviate the necessity of regularly testing the 
immunizing value of each batch of vaccine which would be costly and time consuming. 
It would be enough if the immunizing potency of the vaccine is tested periodically. 


Quantitative estimations show that the virus content of the modified culture vaccine 
described in this paper is five times the maximum concentration of virus obtained in the brains 
of infected sheep used in the manufacture of 5 per cent phenol vaccine. Therefore, the virus 
content of the culture vaccine is 100 times as high as that of 5 per cent phenol vaccine prepared 
under ideal conditions. Further, all the virus in the culture vaccine is in a relatively free 
state and readily available for exerting its antigenic value. 


The culture vaccine, unlike the 5 per cent phenol vaccine, is free from gross nerve 
tissue. The protein-nitrogen content of undiluted culture in spite of its high virus content 
is only 80 per cent that of phenol vaccine. The high non-protein-nitrogen content of 
the culture vaccine is due chiefly to its glycine content and it is possible that the glyciip 
present in the vaccine may have a beneficial effect as it is administered in large doses in 
muscular dystrophies wdth good results. 

Immunity experiments with culture vaccine indicate that guinea-pigs treated with 
culture vaccine, whose virus content is half that of phenol vaccine, show little protection 
under conditions of experiment described. When the virus content of the culture vaccine 
is adjusted to be equal to that oi 5 per cent phenol vaccine the protection afforded is very 
high. The immunizing value of undiluted culture vaccine containing about 3'5 times the 
virus content of phenol vaccine did not appear to be superior to that of culture vaccine 
containing the virus content equal to that of phenol vaccine. This would suggest that after 
a certain limit the immunological response of an animal cannot be increased by increasing 
the amount of virus given. 


Webster (19396) found that commercial vaccine inactivated with phenol or chloroform 
afforded protection to mice if given intraperitoneally, and in quantities approximating fiv^ 
times the dose advocated per gramme of body-Aveight in man. Webster and Casals (19ao) 
repeating the Avork with dogs found that chloroform-killed commercial vaccines immunizect 
dogs fairly aa'cU if given intraperitoneally in at least double the standard 5-ml. dose. _ If given 
subcutaneously in similarly large doses the results, although less striking, Avere still significant. 
In the innnunity experiments Avith guinea-pigs and rabbits described in this paper the dosage 
of vaccine given \\'as proportional to the Aveight of animals and was based on the dosage 
recommended by Webster (19396) for the immunization of mice. The experimental cAidencc 
indicates that when Aa'c times the comparable dose per gramme of body-AA'eight of phenol 
vaccine or culture vaccine with the same Aurus content is giA'en intraperitoneally to guinea- 
pius and rabbits a considerable degree of immunity is produced. These findings arc in con- 
ioriuity with thobc reported by Webster (19396) in mice and by Webster and Casals (1910) m 
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dogs. If it is assuinefl that a proportionate increase in the dosage of 5 per cent phenol vaccine 
in man would produce a greater degree of immunity the total rpiantity of vaccine required 
to be given would be 700 ml. which from the practical point of view is not feasible. But with 
the culture vaccine containing 100 times the virus content of phenol vaccine, it should be 
possible to administer tlie whole quantity in 7 ml. The culture vaccine could be giveri in 1-ml. 
closes for 7 days or in one or two doses as future experience with the vaccine may indicate. 
The dosage and duration of treatment would thus be considerably reduced. Besides tlie 
total content of nerve-tissue proteins, generally held to be responsible for post-treatment 
paralysis, would be l/oOth of that pre.sent in *140 ml. of phenol vaccine nsecl in the treat- 
ment of class III patients. 

Tile culture vaccine prejiared in tlie manner described above is apparently free from 
toxicity even when administered intraperitoneally to experimental animals. Animals given 
culture vaccine subcutaneously showed none of the redness and induration at the site of injec- 
tion frequently observed after the administration of phenol vaccine. 

According to the method described for the preparation of culture vaccine it should be 
possible to prepare 30 ml. of culture vaccine from one gramme of fixed virus sheep brain and, 
if the dosage is to be reduced as indicated above, it should be possible to prepare thirty times 
as many courses of culture vaccine from one sheep as tliat of phenol vaccine. This would 
mean a marked reduction in the cost of production. 

Summary. 

A method for the preparation of culture vaccine in a cell-free medium consisting of steamed 
sheep-brain extract, sheep serum, glycine and peptone is described. This vaccine is superior 
to Semple’s 5 per cent vaccine in respect of the following ; — 

1. The method of preparation of the culture vaccine is simple. 

2. The virus content of the vaccine can be accurately determined. It is 100 times as 
high as that present in 5 per cent phenol vaccine prepared under ideal conditions. 

3. It is free from gross nerve tissue. 

4. It is apparently free from toxic effects. 

5. Wlien the virus content of the culture vaccine is adjusted to be equal to that of phenol 
vaccine it affords a considerable degree of protection which is as good as, if not better than, 
that obtained with phenol vaccine. 

6. Assuming that five times the quantity of virus ordinarily used in treatment with 
phenol vaccine is necessary for producing adequate immunity in man, it should be possible 
to give with 7 ml. of undiluted culture vaccine five times the virus content present in 140 ml. 
of phenol vaccine used in the treatment of class III patients. 

7. If the above dosage is adopted, the nerve-tissue protein used in the treatment would 
be reduced to about l/50th of that used in the treatment with phenol vaccine. 
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ExaminaHons made. — ^Post-mortem examination was made when an animal died or was 
sarrificed. In each case the liver, spleen, omentnm and l^miphatic glands were examined 
for the presence of any pathological changes, and smears from these organs, stained by the 
Ziehl-Neelse’n method, were examined for the presence of acid-fast bacilli. 

Results . — ’Five of the 6 rats inoculated with the treated suspension died within 6| months 
after inoculation and the remaining one was sacrificed after this period. All the animals, 
except one which died only one week after the inoculation, showed heavy generalized 
lepro.sy infection with enlargement of liver, spleen and lymphatic glands, the smears from 
the affected organs showing a large number of acid-fast bacilli. 

All the 10 animals of the control group died within 5| months after inoculation. All of 
them, except 2 which died within 2 months of inoculation, showed heavy generalized infection, 
and smears from the affected organs were strongly positive. 

Conclusions . — ^The macroscopic and microscopic findings made in the two groups of 
animals were similar, there being no apparent difference either in the degree or the extent 
of the changes. The penicillin treatment of the suspension of rat-leprosy bacillus had no 
action in inhibiting or retarding the generalized infection. It can, therefore, be said that 
penicillin in a concentration of 500 Oxford units per c.c,, acting on a saline suspension 
containing rat-leprosy bacilli for 24 hours at a room temperature of about 20°C., failed to 
])roduce any bacteriostatic or bactericidal effects on these bacilli. 


The in vivo action. 


The infection of rats . — The suspension of rat-leprosy bacillus prepared for the in vitro 
experiment was also used for this experiment, and the method of injection of the rats was the 
same. Twent 3 '’-four white rats (varying in weight from 95 to 105 grammes) wmre inoculated 
and put on penicillin treatment immediately after inoculation. The 10 rats, used as the 
control for the in vitro experiment, served as the control for this experiment also. 

The treatment of infected rats . — Immediately after inoculation with rat-leprosy material, 
the rats w^ere put on penicillin treatment. Each rat received 3 injections daily of 100 
units. One injection was given intraperitoneally and the other two intramuscularly into 
each buttock. The injections w'ere given daily, except on Sundays. In the animals which 
did not die earlier, the treatment w^as continued for 184 days. 

Dilution and assay of penicillin . — The contents of one ampoule of Penicillin Sodium 
(Scpiibb) containing 100,000 Oxford units were dissolved in 100 c.c. of pyrogen-free distilled 
water (pH 7‘2). This solution (containing 1,000 units per c.c.) served as the stock solution. 
]1 w’as divided into twelve bottles, wdiich were stored at a temperature of — 20°C, The batch 
of stock solution prepared on one day served for the 12 subsequent days. On each day one 
bottle was taken out, and final dilutions were made to give a solution containing 200 units 


per c.c. 

The final dilution was assayed each day to check its potency, and it w'as found that the 
solution did not deteriorate for at least 12 days. For the assay a method slightly modified 
from that of Gallardo (1944) was used. Plates of agar. 6 mm. thick, w^ere seeded with a fresh 
broth culture of Staph, aureus. After drying the plates for half an hour, lioles w'ere_ punched 
out with a sterile 6 mm. cork-borer, these holes w’ere filled with a solution of penicillin con- 
taining 10 units per c.c.. and the plates were incubated for 24 hours at 37°C, This dilution 
produced an area of inhibition of about 30 mm. diameter. 

Results . — Post-mortem examination w'as made wdien an animal died or wms sacrificed. 
All the 24 animals treated wuth penicillin died within 7h months after inoculation, and 
«how'ed heavv generalized infection with enlargement of liver, spleen and lymphatic glands, 
Smear.s from the affected organs .showed a large number of acid-fast bacilli. 

The changes seen in the group of animals treated wuth penicillin W'ere the same as in the 
untreated controls, there being no apparent difference in the degree or extent of pathological 
changes in the tw’o groups. 

Conclusions . — In white rats infected with rat-leprosy material, penicillin given 
peritoneally and intramuscularly in doses of 300 units per day for 184 days, failed to modin 
the course of the resulting generalized infection. 

( 238 ) 



Discussion. 

The above experiments would indicate that penicillin, in the dilutions and the doses used, 
has no bacteriostatic or bactericidal action on the rat-leprosy bacillus. These results are in 
keeping with the reports of other -workers on the insensitiveness of the acid-fast bacilli to 
penicillin. 

Abraham et al. (1941) reported that penicillin had no action in vitro on Myco. tuberculosis 
even in a concentration of 1 in 1,000 although it produced complete inhibition of 
N. yonorrhoece in a dilution of 1 in 2,000,000. Robinson (1943) tested the action of penicillin 
on Myco. tuberculosis (avian) both in vitro and in vivo. His results indicated that penicillin 
had no action on the a-vian tubercle bacillus. 

Smith and Emmart (1944) confirmed that penicillin did not inhibit the growth of Myco. 
tuberculosis. Linhares (1944) observed that penicillin had no effect on the course of rat 
leprosy. 

The failure of penicillin to influence the course of human leprosy has been reported 
recently by Faget.and Pogge (1945). They report that in lepromatous cases of leprosy, intra- 
muscular injections of penicillin in doses of 50,000 to 320,000 units per day, and continued 
for 4 to 36 days, had no effect on the disease. 

Summary. 

Experiments are described which indicate that penicillin has no bactericidal or bacterio- 
static action on the rat-leprosy bacillus either in vitro or in vivo. 
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Introduction. 

There is as yet no record of the undoubted occurrence of a case of yellow fever from 
India. This paper describes a case of acute hsemorrhagic jaundice in a Bengali girl in which 
the clinical picture and the serological findings were such that, had the child been resident in 
an area of yellow-fever endemicity, a diagnosis of yellow fever would undoubtedly have been 
made. 

The risk of yellow fever being introduced into India is well known and strict precautions 
are taken at air and sea ports to prevent such an occurrence. Special ' diagnostic units ’ 
are maintained in a state of readiness to investigate the nature of any suspected case. The 
findings in the case to be described below are, therefore, of considerable interest and 
importance. 

Clinical history of the case. 

The patient, a Bengali girl of eleven years of age, was resident in Calcutta. No history 
of previous illness was obtained but it was ascertained that she had lived all her life 
in Bengal. 

The girl had enjoyed perfect health until IGth July, 1939, when she suddenly succumbed 
to a severe illness characterized by fever {102‘6‘’F.), severe headache, and pains in the body 
and limbs, especially in the leg muscles. On 19th July, she developed abdominal pains 
with troublesome nausea and, on the following day, persistent vomiting. The vomit at 
first contained streaks of altered blood and later typical ‘ coffee grounds Haemorrhages 
occurred from the nose, under the conjunctiva, and into the skin being most pronounced 
around the sites of needle punctures where injections had been given. Intense jaundice 
developed and between 21st and 23rd July the patient became delirious and semi-conscious. 
Consciousness was regained on 25th July and, after a protracted convalescence, the 
patient made a complete recovery. 

Results of laboratory diagnostic tests. 

The clinical manifestations of the case suggested a severe attack of leptospirosis, 
a suspicion which was supported by the fact that cases of leptospirosis were known to be 
occurring in Calcutta at that time. 

(1) Animal inoculation tests for leptospirosis. — ^Elaborate animal inoculation tests were 
carried out in an attempt to establish the leptospiral origin of the disease but all proved to be 
negative. 

(2) Agglutination tests for evidence of leptospiral infecf.ion. — ^The patient’s semm, 
obtained on the 9th, 10th, 12th and 20th days of illness, failed to agglutinate all available- 
local strains of Leptospira ieterohcemorrhagice as well as other strains of diFerent serological 
types originally isolated from the Andaman Islands. 

is contrary to the Editorial policy of the Indian Journal of Medical Research to publish case reports of 
this kind but in view of the special interest and importance attaching to this case an exception to the general rule 
baS'been made.— Editor. ' ' . ■ 

t Since this paper was received for publicatioa we have to deplore tbe-d^ath of Dr. B. M. Da* Gnpta.— . 
EdUor, 
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A sample of the serum obtained on 26tli day of illness was forwarded to Professor 
W. ScMfEner, Director, Institute for Tropical Hygiene, Amsterdam, with the request that 
he would carry out agglutination tests with the various strains of Leptospira available in his 
laboratory. Professor Schufiner reported that no agglutination occurred with the twenty- 
one strains of Leptospira enumerated in Table I : — 


Table I. 


Strains of Leptospira. 

Agglutination titre 
of patient’s serum 
taken on 16th 
August, 1939. 

Kantorowiczp) 

0 

Hond.UtreolitIVf) ... 

0 

And. CH31 

0 

Sejro M 84 

0 

Swart V. Tienen 

0 

Rachmat 

0 

Salinem 

0 

Hond. H.C. 

0 

Djasiman 

0 

Benjamin 

0 

Sentot 

0 

Sarmin ... 

0 

Vleermuis 900 

0 

Naam 

0 

3705 

0 

Veldrat Bat. 46 

0 

Rat Semarang 173 ... 

0 

Hebdomadis 

0 

And. CH 11 

0 

Ballico ... 

0 

Pomona ... 

0 

(1) ‘ Kantorowioz ’ is the classical strain. 

(2) ‘ Hond. Utrecht IV ’ = L, canicola. 


It was suggested to Professor Schiifiner that, if the agglutination tests for leptospirosis 
were negative, he might try the mouse-protection test for yellow fever. . This test could no 
be carried out in India w'here it is illegal to maintain virulent strains of yellow-fever \Tni8. 

- - (3) 31ouse-protection tests for yellow fever . — The amount of the patient’s serum avail- 

able was insufficient to enable Professor Schufiner to carry out the mouse-protection te 
'satisfactDrily-bub-,-as--he-had-obtained some evidence of yellow-fever immune 
‘ashed for a further sample. Serum obtained from the patient on the 40th day suiter 
onset of illness was sent aind, on examination, it showed a positive ‘ Sawyer ’ rr^o 

-inconclusive. ‘.Theiler.’ test. .In reporting these findings Professor Schufiner stated ^ 
interpretation is very difficult, and ought to be done with great caution. The posi i . 
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Sawyer”, togetiier witli tlie inconclusive “ Theiler point to the presence of protective 
bodies otherwise found only in men who have passed a yellow-fever infection. ^ If our “ Tbeiler ■ 
test ” had been completely positive, I would have decided without restriction for the diag- 
nosis of yellow fever 

Subsequently two specimens of the patient’s serum obtained on 62nd and 116th days 
after the onset of illness were sent to Dr. Gr. M. Findlay, Wellcome Bureau of Scientific 
Eesearch, London. Dr. Findlay’s findings are summarized in Table II ; — 


Table II. 


Partioulats of sera. 

Date of teat. 


Dilutioa of 
Beram, 

Number of 
mice out of 
six inoculated 
aumVing 
test. 

CONTKOLS : 

Numbeb op inoE otra 

OP SIX SOBVmxo TEST. 

Known 

normal 

serum. 

Knoira 

immune 

serum. 

First specimen (62nd day) 

23-10-39 


1 in 8 


0 

6 

»» »» >» 

2-11-39 


1 in 32 

ti 

(/ 

6 


j 

[ 

1 in 8 

r> 

(t 

(i 

•Second specimen (116th day) 

20-11-39 1 

I 

1 

1 in 16 

5 





1 

1 in 64 

4 

... 

... 


In reporting these findings Dr. Findlay stated : ‘ If the serum had come from an area 
where yellow fever is endemic, we should have no hesitation in saying that the patient had a 
recent attack of the disease, but naturally one hesitated to make such a statement about a 
case from India. That is the reason why we should so much like to hear the clinical history 
of the case ’. 

A specimen of the patient’s serum taken on 387th day after the onset of illness was sent 
to Dr. J. H. Bauer, Rockefeller Institute, Hew York. Dr. Bauer reported that the serum 
possessed no protective action whatsoever against yellow-fever virus. 


Discussion. 

In -dew of the consistently negative results of the animal inoculation and agglutination 
teats a diagnosis of leptospirosis in this case is not justifiable. 

r .1 mouse-protection tests against yellow fever carried out with serum 

patient between 26th and 116th days after the onset of illness are consistent 

Z t .trT" if the patient been resident 

fhe^omSpf endemcity, a diagnosis of yellow fever would have been made 

Sr ^ of_ yellow-fever protective substance in the serum taken on 38Tth day 

Z f however,. m accordance with the usual findings in yellow fever 

si pi™ “af s 

ccnahBiva reauU Wca ; aaofter Bampl. »,me cljrofSd “gM 

{ 243 • ) 



and tested against a 20 per cent virus-suBpension, was negative. Sawyer et al. {loc. cit.) 
classified this case as negative. 

The two other sera from Asia which gave anomalous results were discovered among a batch 
of sera obtained from 87 adult Tamil males from the Madras Presidency, South India, The 
sera of two of the men, none of whom had ever visited a yellow-fever area, gave positive mouse- 
protection tests against a 10 per cent yellow-fever virus-suspension both with undiluted 
serum and with serum diluted 1 in 10. A second specimen of serum was obtained from 
each of these two men. The serum of one showed no protective substance when tested against 
a 20 per cent yellow-fever virus-suspension. The serum of the other, when tested 
against a 20 per cent suspension, was fully protective in dilution up to 1 in 10 but in a 
dilution of 1 in 16 inconclusive results were obtained and with a dilution of 1 in 32 no 
evidence of protection was observed. A third specimen was obtained from the latter 
individual about 3 years later ; this protected against a 20 per cent suspension in a dilution 
of 1 in 2 but not in a dilution of 1 in 4. 

Sawyer et al. [loc. cit.) also received anomalous results with the serum of a resident of 
Toronto, Canada. When tested against a 10 per cent yellow-fever virus-suspension, this 
serum (undiluted) gave protection on three occasions. A second specimen of serum from 
this individual taken 5 months later and tested against a 10 per cent suspension gave two 
positive, one inconclusive and one negative result. This serum was not tested against a 20 
per cent suspension which, according to the originators of the test, gives much more clear- 
cut results. 

Of the many hundreds of tests reviewed by Sawyer et al. [Inc. cit.) only one (an adult 
Tamil male) gave a positive protection test and even in this case the results were inconclusive 
when the serum was diluted 1 in 16. 

In the case described in this paper the patient’s serum taken on 116th day after the on- 
set of illness protejted mice against a 20 per cent yellow-fever virus-suspension in a dilution 
of 1 in 6t. No protective substance was, however, demonstrable by the 387th day after the 
onset of the disease. 

Summary and conclusion. 

A Bengali girl, aged 11 years, who had been resident in Bengal all her IHe, developed a 
severe illness characterized by fever ; severe headache ; pains in the body, limbs and abdo- 
men ; nausea ; persistent vomiting (blood-stained) ; haemorrhages ; intensive jaundice ; and 
delirium. The acute attack lasted about 10 days, and after a protracted convalescence, the 
patient made a complete recovery. Elaborate laboratory tests failed to confirm a diagnosis 
of leptospirosis. Specimens of serum taken between 26th and 116th days after the onset of 
the disease showed the presence of yellow-fever immune substance but no trace of sucn 
protective antibodies could be found in a specimen of serum taken on 387th day. 

The specificity of the mouse-protection test for yellow fever has been briefly reviewed 
in relation to these findings. The conclusion has been reached that the clinical features of 
the case and the serological findings indicate that the patient was sufiering from a peculiar 
syndrome closely allied to yellow fever, 
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The use of compleracnt-fixation reaction lias been suggested for detecting tbe source of 
blood for medico-legal purposes (Kolmer, 1923, 1929 ; Zinser, 1931 ; Lloyd, 1935). Although 
it is not likely to replace tbe precipitin reaction now universally employed for the purpose, 
it can help in making distinctions between type specific and group specific reactions vrbic^ 
may not be possible with the latter reaction. Examples of strong group specific reactions, 
in the precipitin reaction, ate afiotded by bloods* of (1) sheep and goat, and (2) cow and 
bufialo. An antiserum prepared in fowls against sheep serum produces a ring of precipitate 
equally well with the goat or sheep serum, and an antiserum prepared against the goat 
serum also produces a ring of precipitate equally well with the sheep or goat serum. The 
same difficulty is encountered in dealing with the bloods of cow and buffalo. Even the 
distinction between the bloods of cow (or buffalo) and sheep (or goat) needs the use of 
specially selected antisera of equal potency and serial dilution of the extracts of material 
until one of the extracts fails to react. 

"With the antisera prepared in rabbits distinction between cow (or buffalo) and sheep 
(or goat) is easier and the one between cow and buffalo or between sheep and goat is 
possible. The possibility, however, is not always easily realized. 

Complement-fixation succeeds, as a rule, in differentiating between the bloods of sheep 
and goat or cow and buffalo and makes a difference between sheep (or goat) and cow 
(or buffalo) much easier. _ 

This communication deals with (i) a technique linked with the Wassermann reaction 
based on British methods, (ii) the reaction of antisera with sera from phylogenetically related 
animals, (iii) the application of the technique to medico-legal work, (iv) the difference between 
antibodies produced against the same serum-proteins but in different classes of animals, and 
(v) the categorically different reactions of complement-fixation. 


I. A TECHNIQUE OF COMPLEMENT-FIXATION BETWEEN SHEEP 
SERUM-PBOTEIN AND ITS ANTIBODY. 

Immunological reagents. 

1. The hamolgtic system. — ^This is the same as for the Wassermann reaction according 
to method No. 4 of the (British) hledical Besearch Committee (1918, now Council) The 
writers’ choice of the complement is made in the following order : (1) Complement of ‘ optimal 
reaction and titre ’, (2) Complement of ‘ optimal titre and (3) Complement of ‘ high titre ’ 
(Greval, Chandra and Das, 1940). Complement of ‘ low titre ’ is rejected. 
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2. The antigen . — ^This is the normal sheep serum in. a (1) constant I in l',000 dilution in 
saline or (2) in serially weaker dilutions. In these dilutions it is not anti-complementary. ~ 

3. The antibody . — ^This is the antisheep serum produced in a rabbit. Intravenous 
injections of 2 c.c. of filtered and inactivated serum are given daily for 5 days. Five days 
after the last injection a sample of blood is taken from the ear vein. The serum (undiluted) 
from it should give a precipitin ring test as follows : (1) with a 1 in 1,000 dilution of 
the antigen a frank/sharp reaction in 2 minutes ; (2) with a 1 in 20,000 Elution of the 
antigen a dubious reaction in 10 minutes and a frank/sharp reaction in 20 minutes; and 
(3) with a 1 in 40,000 dilution of the antigen a dubious reaction in 20 minutes. If the 
reaction does not come up to the standard another course of five intravenous injections is 
commenced. 

If the reaction is up to the standard the rabbit is bled from the heart (not to death) 
10 days after the last injection and the clear serum from the clot is inactivated and stored 
frozen in small bottles in lots of 0'2 c.c. It is thawed slowly 12 hours before use. Keeping 
the antigen constant the dilutions of the serum used are 1 in 100, 1 in 200 and 1 in 300. 
These dilutions are not anti-complementary. Alternatively keeping the strongest dilution of 
the serum (1 in 100) constant the dilutions of the antigen are weakened serially (1 in 10,000, 
1 in 20,000). ■ ' ■ ' 

Weak antisera with the limits of reaction fixed at 1,000, 6,000 and 10,000 (instead of at 
1,000, 20,000 and 40,000) can also be employed. The dilutions used then are 1 in 25, 1 in 60 
and 1 in 100 (instead of 1 in 100, 1 in 200 and 1 in 300). These dilutions should not be anti- 
complementary. Strong antisera are preferable and the dilutions in the ensemble are those 
of strong sera. 

4. The ensemble . — 


(1) With constant dose 

of antigen : — 




Fob oontbols. 

Fob test pbopeb. 


Reagents. 

Tubes 

Tubes 


1 2 1 

2 

3 


(For antigen.) (For antibody.) 



Antigen, 1 in 1,000 ... 

, 1 vol. — ■ 1 vol. 

1 vol. 

1 vol. 

Antibody, 1 vol. of, 1 in 

- 100 100 

200 

300 

Complement, 1 vol. containing .. 

1 m.h.d. 1 m.h.d. 2 m.h.d. 

2 m.h.d. 

2 m.h.d. 

.Saline 

.. 1 vol. 1 vol. — 

— 

— 


Left at ice-box temperature 1 hour, at room 
temperature i hour and in incubator J hour. 

• 


Sensitized r.b.o. suspension 

1 vol. 1 vol. 1 vol. 

1 vol. 

1 vol. 


Incubated i hour. 

Negative {— ) and doubtful (±) reactions recorded at once. 

Loft at ice-box temperature overnight and positive {-}-) reaction or traces of lysis (Tj racord 
morning. 
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(2) With comtant dose of antiserum :■ 


Reagents. 

Fob coOTEons. 

Fob test tropeb. 


Tub 

e s 

1 

lubes 

- ^ .. — . — 


1 2 

(For antigen.) (For antibody.) 

r 

1 

2 

3 

Antigen, 1 vol. of, 1 in 

1,000 

— 

1,000 

10,000 

20,000 

Antibody, 1 in 100 

- 

1 vol. 

1 vol. 

1 vol. 

1 vol. 

Complement, in 1 vol. containing 

1 m.h.d. 

1 m.b.d. 

2 m.b.d. 

2 m.b.d. 

2 m.h.d. 

Saline 

1 vol. 

1 vol. 

— 


— 

. 

Left in ice-box, room and incubator as before. 



Sensitized r.b.c. suspension 

1 vol. 

1 vol. 

1 vol. 

1 vol. 

1 vol. 


Incubated i hour. 





— , and T reactions recorded as before. 



The second scheme does not give as clear-cut reactions as the first scheme. 

Incomplete 

fixation, however, is often observed even 

with the weakest dilution of the antigen. 

Typical results are 

- 






COBTBOLS. 


Test pbopee. 






Tubes 





f 





Antigen. 

Antibody. 

1 

2 

3 

tVith. constant antigen 

— 

— 

_L 

4- 

+/T/± 

With constant serum ... 

... — 

— 

-i- 

-f/T 

T/± 


Tlie reaction is the strongest in immunology. In both anaphylaxis [in which the weak- 
est dilution of the reacting antigen may be of the order of 1 in 10 million in terms of serum- 
protein and 1 in 1 million in terms of Eernm (McIntosh, 1931)] and precipitin reaction (in which 
the dilution of the serum in the writers’ laboratory is of the order of 1 in 40,000) the antibody 
is used undiluted. In the complement-fixation under description both the antigen and the 
antibody are diluted. Besides, the permissible limit of the strongest dilution of the antigen 
for the other two reactions is the same as in this reaction, namely. 1 in 1.000 dilution of the 
serum. 

II. Reaction oe antiseka with sera feoji phyeogeketically 

RELATEO ANIMALS. 

In the first scheme of the ensemble, with constant dose of the antigen, are inserted the 
following additional tubes ; — ’ ® 

consols, antigen from (i) goat and (tt) cow, i.e. one tube containing a 1 in 1 oOf) 
dilution of goat’s normal serum and one tube containing a 1 in 1.000 dilution of cow’s no3 
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In the test proper 2 sets of 3 tubes each for goat’s and cow’s serum, i.e. one set like the 
sheep’s serum set for goat’s serum (in which there is goat’s serum in the place of sheep’s serum) 
and one set like the sheep’s serum set for cow’s serum (in which there is cow’s serum in the 
place of sheep’s serum). 

Typical results according to the first scheme are: — 


CONTBOLS. 



TEST PROPER. 



Foe antigen. 

Fob 

ANTIBODY, 





Tubes 

Tube 





1 Sheep. 2 Goat, 3 Cow, 

4 (Antisheep 
as before). 

For sheep. 

For goat. 


For cow. 



Tubes 

Tubes 


Tubes 



1 2 3 

1 2 3 

1 

2 • 3 



-i- -i- -b/T/i 

+ + T/±/— 

-1- 

-k/i - 


There is gvaniitative difference (different grades of heemolysis in a ± reaction) hetrreen 
sheep and goat in the 2nd or 3rd tube and a qualitative difference (-}- in one and ~ in the other) 
between sheep and cow in the 3rd tube. 

The quantitative difference between goat and sheep also occurs when antigoat serum is 
used in the test instead of the antisheep serum. 

Similarly, the qualitative difference between cow and goat-sheep also occurs when anti- 
cow serum is used in the test instead of the antisheep serum. 

The cow-buffalo relationship is of the same order as the sheep-goat relationship, with 
respect to themselves and other ruminants. 

The results according to the second scheme, being less clear cut, are altogether quanti- 
tative. 

The special feature of the technique is that the antiserum used is of a known precipdm 
titre, prefe*ably a high titre. For antianimal sera a high titre is easily obtained. lor 
antihuman sera, however, a high titre of this order is difficult to obtain. 

III. Application op the technique to medico-legal work. 

Problem : Is the stain caused by human blood or goat’s blood ? 

Case 1. The precipitin test shows the presence of both human blood and also the 
ruminant animal {tested with an antisheep serum). The stain is, therefore, caused both y 
human blood and the blood of one of the following : (f) sheep and (ii) goat, cqnstitufang ope 
sub-group, and (in) cow and (iv) buffalo, constituting another sub-group, within the mam 
group of ruminant animals. The reaction of the ruminant blood is strong, while that ot t 
human blood though definite is not so strong. 

Further precipitin tests with an antisheep serum and an antibnffalo serum prove the 
presence of the blood of (i) or (ii) only. The distinction between these two animals canno 
be made with certainty except by the complement-fixation test. 

The relative strength of the human serum and sheep-goat serum in the extract the tot^ 
serum content of which is of the order of 1 in 1,000 (by ‘ foam test ’ ; by comparison of its oa 
with that of a known 1 in 1,000 dilution) must next be determined. If the two 
in the precipitin test were of the same strength, the strength of the two sera 
the order of 1 in 2,000. The reaction of the hnman blood being not so strong as that oi 
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sheep-goat, the dilution of the two sera may be taken to be of the order of 1 in 2,500 and 1 in 
1,500 respectively. Known controls of sheep and goat serum must, therefore, be 1 in 1,500. 
Greater accuracy is neither possible nor necessary. The significant ^fferences in complement- 
fixation with varying quantities of the antigen are obtained with much larger gaps in dilution 
(1 in 1,000, 1 in 10,000 and 1 in 20,000, vide svpra, second scheme). 

The known sera in 1 in 1,500 dilution are put up side by side with the unknown serum 
(extract) as shown in the following ensemble ; — 


let row for 1 toI. of antiserum 
diluted 1 in 

2nd row for 1 vol. of antiserum 
diluted 1 in 

3rd row for 1 vol. of antiserum 
diluted 1 in 


Test with antisheop serum. Columns 
of tubes. (Each tube contains 1 
vol. of a 1 in 1,500 dilution* of 


sheep, goat or unknown serum.) 

1 

2 

3 

Sheep. 

Goat. 

Unknown, 

300 

300 

300 

200 

200 

200 

100 

100 

100 


Test with antigoat serum. Columns 
of tubes. (Each tube contains 1 
vol. of a 1 in 1,500 dilution* of 


sheep, goat or unknown serum.) 

1 

2 

3 * 

Sheep. 

Goat. 

Unknown, 

300 

300 

300 

200 

200 

200 

100 

lOD 

100 


2 m.h.d. of complement and, later, r.b.c. suspension are added as before. 

* The known dilutions should also be made equal by comparison of foam and further dilution of one of 
them if necessary. 

Typical results may be : — 


1st row ... 


-f/T 

T 

T 

T 

-b/T 

-b/T 

2nd row ... 

.»* 

-f-/T 

T/± 

T/± 

T/± 

+IT 

-f/T 

3rd row ... 

... 


-1- 




1 

T 


The reaction of the unknown serum corresponds to that of the goat serum in both the 
sets. The unknown serum is, therefore, goat serum. 

If the reaction of the unknown serum corresponded to that of the sheep serum the un- 
known serum would be sheep serum. 

Probably the animal blood has been added to mask the reaction of the human blood. 

Case 2. The predjntin test shoios the presence of the blood of a nimimnt animal only. 
Further precipitin tests 'with antisheep and antibuffalo sera prove the presence of the 
blood of sheep or goat only. 

From the stain make an extract corre-sponding to a 1 in 1,000 dilution of a serum and 
proceed as before with complement-fixation. The dilutions of the known sera will also be of 
the same strength. 


lY. A DIFFERENCE BETWEEN ANTIBODIES PRODUCED AGAINST THE 
SERUM-PROTEIN BUT IN DIFFERENT CLAS.SES OF ANIMALS. 

ptecipitin test are prepared in the writers’ laboratory from fowls 
™ V antifowl serum which is prepared from rabbits). T^ir titres are 
very high. They give with a 1 in 1,000 dilation of the appropriate serum ThSshlw 
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ring within 2 minutes ; with a i in 20,000 dilution a dubious/frank ring in iO minutes and a 
frank/sharp ring in 20 minutes ; and with a 1 in 40,000 dilution a dubious ring in 20 minutes. 
These potent sera fail to fix complement when used as antibodies in the technique described, 
i.e. an antibody made in a bird does not work with the complement derived from a 
mammal. 

Conversely, an antibody made in a mammal does not work with a complement derived 
from a bhd. This is shown by the failure of fresh normal fowl serum to hsemolyse sheep 
r.b.o. sensitized with sheep-rabbit haemolytic amboceptor. 

The antigen and antibody work regardless of the class of animals they are derived from. 
This is established by fowl-rabbit antiserum, used as antibody in the technique described, 
fixing complement with fowl’s serum, used as antigen. 


V, Categorically different complement-fixation reactions. 

There Me four categories of complement-fixation. 

In the first category should be placed the reactions between the serum-pfoteThs' and 
their antibodies. The quantity of antigen needed is very small and that of antibody 
small. These reactions rank as the highest in immunology as has been stated before. They 
are specific. 

In the second category should be placed the non-specific reactions of allergic states 
obtained in syphilis CW.K..), leprosy (Greval, Lowe and Bose, 1939) and kala-azar (Greval, 
Sen Gupta and Napier, 1939). These reactions are also strong. The quantity of the 
antigen used is, however, large and that of the antibody (which is really a reagin arising from 
allergic processes) not so small. Their diagnostic value is high. 

In the third category should be placed the reaction between hydatid fluid and the 
patient’s serum (Greval, Chandra and Das, 1941a, 19416) and the reaction between a 
filtrate of rabies vaccine and its antiserum prepared in a sheep (Greval, 1933). They are of 
moderate strength and specific. Careful adjustment of the reagents is necessary. 

In the fourth category should be placed the reactions of bacterial lysates or suspensions 
and the antiserum produced against the bacteria in the course of a disease (in man) or 
after inoculations [in animals, for producing antisera for therapeutic use (Greval and 
Dalai, 1933)]. These are specific but weak. Complement-fixation for gonorrhoea (Greval and 
Roy Chowdhury, 1945) belongs to this category. Very careful adjustment of the reagents is 
necessary. 

To sum up ; (1) the strongest reactions occur between serum-protein and its antiserum, . 
(2) the second in intensity in allergic states, (3) the third in intensity between the fluids 
from an animal parasite in tissue and the patient’s serum, and (4) the.v^eakest between 
bacteria and the serum of the patient or the inoculated animal. 

Of course all foreign proteins or protein products do not give rise to complement-fixing 
antibodies. Antitoxins which save life with almost mathematical precision are utterly 
inert. It is known that the antitoxins are contained in pseudoglobulins, while the anti- 
bacteria or antivirus bodies are contained in euglobulin (Fleming and Petrie, 1934). 

Significance of a doubtful (T or ±) complement-fixation reaction depends upon whether 
the reaction is specific or non-specific. For founding a diagnosis or opinion, with reference 
to the items mentioned in connection with the categories of complement-fixation and blood 
stains, a doubtful reaction will be rejected for syphilis, kala-azar and leprosy but accepted 
for other items, that is to say, the doubtful reaction of the second category cannot be con- 
sidered reliable. 

Summary. 

1, Complement-fixation reaction for determining the origin of blood in stains ivill pot 
replace the precipitin reaction now universally used. It has, however, its place in distinguish- 
ing between the bloods of closely allied species when the latter reaction cannot be apphed 
or fails. 
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2. A method based on the Wassermann reaction of the British technique has been 
described. The dilutions of the antibody used (specially prepared) are of the order of 1 in 25. 
1 in 50, 1 in 100, 1 in 200 or 1 in 300, depending upon its precipitin titre. Only three of 
the dilutions are needed. The dilution of the antigen (in the stain) is of the order of 1 in 
1,000 of the liquid serum. In these dilutions neither the antibody nor the antigen is anti- 
complementary. Two m.h.d. of the complement are left in contact with the antigen and 
the antibody for 1 hour in the ice-box, i hour at room temperature and I hour at blood 
heat. Sensitized r.b.c. suspension is then added and incubated in the usual way. The 
difference for cow (or buffalo) and sheep (or goat) is qualitative, and for cow and buffalo or 
sheep and goat quantitative. 

3. The complement and the antibody must be derived from the same class of animals. 

4. There are four categories in complement-fixation : (i) that between serum-protein 
and its antibody, the most sensitive and specific reaction in immunology, (ii) that between 
blood in allergic states and a heterologous antibody, like W.B., a strong but non-specific 
reaction, [in) that between blood of an infested animal and extract from the infesting 
parasite a moderately strong and specific reaction, and (iv) that between blood of an infected 
animal and the infecting bacterium, a weak but specific reaction. Doubtful, ±, reactions 
are significant only in specific reaction. Only antibacterial or antiviral bodies (as opposed to 
antitoxins) fix complement. 
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Introduction. 

Vanda roxhurghii is an epipliytic herb of the N. 0. Orchidaceec. An indigene 
of the hotter parts of India, it is commonly known as ‘ Rasna ’ in Bengal and elsewhere. In 
the Ayurveda it is mentioned under the names Elaparni, Sugandha and various other names. 
Though clearly differing from the Ayurvedic Easna in certain physical characteristics, Vanda 
roAiurghii is said to possess many of the important therapeutic properties of that herb, 
amon» which mention may be made of its reported beneficial action in piles, rheumatism, 
sciatica and various other inflammatory and nervous diseases. The plant has been in 
extensive use both in the Hindu and the Yunani medicines ; we, therefore,' took up its 
pharmacological study, the results of which are noted below. 


Chemistry. 

Pot the purpose of our investigation, the whole of the air-dried plant was used. Two 
kilograms of the powdered plant was thoroughly extracted with rectified spirit ; the solvent 
was removed, and the residue taken up with water. The aqueous extract, after preliminary 
purification, was treated with lead acetate. The filtrate, after removal of lead, was neutral- 
ized, and then evaporated to dryness. The dry extract was next treated with alcohol, and 
then precipitated with ether. The precipitate being removed, the filtrate was evaporated to 
dryness. The residue was found to be glucosidal in nature, with well-defined physiological 
activity. This was further purified till the glucoside was obtained in a fairly pure condition. 
A fresh one per cent aqueous solution of this principle, the pH of which was adjusted to 6*4, that 
being the pH which gave fairly uniform resrilts in preliminary experiments, was nsed in all the 
experiments mentioned hereafter. 

Besides this active constituent, the plant also contains a bitter principle, tannin, resin, 
sapomn, sterols, fatty oils and colouring matter. 


r 

Pharmacology. 

Toxicity.—The material appeared to be non-toxic to frogs even in doses of 200 mg./kg. 
when injected into the ventral lymph sac. In rats and mice, it was found to he non-toxic 
when injected intravenously in doses of 150 mg./kg. and 300 mg./kg., respectively. 

The alimentary system.—Q-Z6 mg./kg. injected intravenously in the chloralosed cat 
augmented Ae tone and movement of the intestines in situ. Atropine antagonized this action 
to a-large extent, hut not completely. Isolated pieces of cat’s small intelbines also sWd 
augmentation of their tone and movements even with a dilution of 1 in - 100 000 ^ This 

"‘repine iTioO^O 
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Respiration . — In the urethane cat, 0‘50 mg./kg. to I’O mg./kg., given intravenously, 
increased-the intra-tracheal pressure and the -respiratorv rate. Atropine antagonized these 
effects [Graph I, figs.' 3 (a) and (6)]. 


The cardio-vascular system . — 

The heart : (1) Mammalian heart in situ. — Given intravenously, in the chloralosed cat, 
I'O mg./kg. slightly increased the systolic force of both the auricle and the ventricle. This 
systolic augmentation gradually disappeared, and the diastole finally became more pronounced. 
As the systole shortened, the ventricular rate gradually decreased. With a further dose of 
the same amount, the initial systolic and the later diastolic augmentations were observed as 
before ; but the ventricular rate appeared to increase instead. Alter atropine, both the systolic 
and the diastolic augmentations persisted as before ; but the decline in the ventricular rate 
vas no longer in e\'idence. 

(2) Isolated frog heart : (a) Force and rhythm . — In a concentration of 1 in 3,000,000, the 
immediate effect of the drug was a slight augmentation of the systole without any change in 
the rate of the heart. This stage was followed by a stage of depression in which the 
systole and the rate -both diminished, the rate eventually .getting slower and slower. With 
increasing concentrations, these eft’ects were more distinctly noticed. After atropine 1 
in 15,000 the systolic augmentation was observed as before, but the rate continued 
unaffected. 


(6) OiUpiit . — ^With the drug in a dilution of 1 in 3,000,000 no measurable alteration in 
the output was noticed immediately ; a slight decrease, however, was observed later. With 
concentrations of 1 in 30,000 and higher, an initial increase in the output was noticeable, and 
this was followed a little later by a decrease. The return to normal output was delayed as 
the concentrations increased. After atropine 1 in 15,000, the initial increase in the output 
was observed as before ; but the later decrease was not noticed [Graph 2, figs. 1 (a), (&), (c) 
and ((?)]. 


The blood-vessels . — Perfusion with a dilution of 1 in 4,000,000 was followed by an increase 
in the outflow from the frog's systemic blood-vessels which decreased after a short time. 
Later on, it appeared to increase again and continued so for some time. With a dilution of 1 
in 200,000, no immediate change was noticed ; a slight increase was, however, observed after 
Some time. This persisted for a short while and then gradually disappeared. The same 
effect was noticed with a dilution of 1 in 2,000 as well. After ergotoxin 1 in 1,000, the 
immediate effect observed was a slight increase' in the outflow persisting for some time ; after 
atropine 1 in 1,000, slight decrease was noticed instead. 

The carotid blood-pressure . — In the chloralosed cat, 0’35 mg./kg. to I'O mg./kg., given 
intravenously, invariably produced a fall in the carotid blood-pressure, followed by a rise to 
normal or beyond within a short time. With the higher doses, the fall was more abrupt^ and 
the after-rise also was found to be higher, being in fact very high and abrupt with 1'0_ mg./kg. 
An Initial short rise, x^receding the fall, was noticed in almost all instances. In the spinal cat, 
whose brain and cord had been destroyed, I'O mg./kg. to 2'0 mg./kg. intravenously was also 
followed by the same initial short rise and the succeeding fall ; but there was no further after- 
rise beyond the original level. Atropine arrested the fall of' pressure both in the intact and 
in the pithed animals ; the subsequent' rise, in these circumstances, was also absent ; but ane 
short rise preceding the fall remained unaffected. After ergotoxin, in both cases, the imtm 
short rise and the succeeding fall were observed as before; but the after-rise, which m the 
pithed animal was hardly noticeable, was still found to be higher than the normal 
intact animal although not to the same extent as before [Graph 1, figs. 1 (a) and (b), 2 [U) 
and (6), 5 (a) and (&) and 4 (o), (b) and (c)]. 

The spleen-volume. — 0'30 mg./kg. to I'O mg./kg., given intravenously in the chloralosed 
cat, caused contraction of the spleen, synchronizing 'with the rise in pressure after the la » 
and persisting as long as the pressure rose. Such contraction disappeared after both atropme 

and ergotoxin [Graph 1, figs. 1 (o) and (6) and 2 (a) and (6)]. ... 
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1 (a) and <b) — B. P. and spleen volume before and after atropine. 

2 (a) and (b)— The same before and after evgotoxin. 

3 (a) and (b) — B. P. and respiration before and after atropine. 

4 (a), (b) and (o) — B. P. in the spinal cat before and after atropine. 
6 (a) and (b) — The same before and after ergotoxin. 
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The genito-vrinary system . — 

The urinary bladder : 0'35 mg./kg. increased the force of contraction of the bladder, but 
the frequency was diminished. After atropine, the movements diminished considerably, 
but were not abolished completely. 

The nterns : (1) Uterus in situ. — The non-pregnant uterus of the chloralosed cat had 
increased tone and movement with doses of I’O mg./kg. intravenously. With 0‘30 mg./kg. 
there was no distinct response. After atropine, the movements diminished, but were not 
completely abolished. (2) Isolated uterus. — ^Tth a dilution of 1 in 100,000, there was 
slight increase of tone and movement of the virgin uterus of the cat. Higher concentrations 
caused further increase. The pregnant uterus of the guinea-pig did not respond to any 
appreciable extent even with dilution of 1 in 50,000 (Graph 2, figs. 2 and 3). 

Discussion. 

From the experimental results, it appears that the drug stimulates all organs having 
autonomic cholinergic nerve-supply. Atropine antagonizes this stimulation to a large extent, 
but does not completely abolish it. It seems, therefore, that apart from stimulating the 
cholinergic nerve-endings, the drug also exerts some direct action on the involuntary mus- 
culature of these organs. 

The initial short rise of the carotid blood-pressure and the subsequent fall are both 
observed in the pithed cat ; therefore, they could not be due to any central action. The 
former persists after atropine and ergotoxin ; and appears to be due to the initial stimula- 
tion of the heart and the consequent increased output. The subsequent fall disappears 
after atropine, but not after ergotoxin ; it therefore appears to result from stimulation 
of cholinergic nerve-endings. Cholinergic stimulation slows the heart and thereby causes 
diminished output from the organ ; it also dilates the peripheral arterioles. The diminished 
output from the heart and the dilatation of the peripheral arterioles are together probably 
responsible for the fall of the carotid blood-pressure. The after-rise beyond the original 
level is not found in the pithed cat ; therefore, it appears to be due to some central action. 
Such a rise is not to be found after atropine which abolishes the preceding fall ; it is 
shortened, but not completely abolished, after ergotoxin. It seems, therefore, that this 
rise depends upon the preceding fall, and is partly adrenergic in character. As for the 
mechanism, it seems that the fall of the intra-carotid pressure results in stimulation of the 
vasoconstrictor centre, probably by reflex action through the carotid sinus, as suggested by 
Sollmaun {1943) ; in response to this stimulation, all vessels with vasoconstrictor innervation 
divert a greater proportion of the blood supply to the weakly innervated cerebral and 
coronary arteries. 

Summary and conclusion. 

1. An active constituent of glucosidic nature, which appears to be of very low toxicity 
m frogs, rats and mice, has been isolated from Vanda roxburghii in a fairly pure condition. 

2. It has a stimulant action on organs innervated by cholinergic autonomic nerves, and 
to a small extent also directly on some involuntary muscles. 

3. It lowers the carotid blood-pressure appreciably even in low doses. 

4. Its efiects appear to be due to {i) stimulation of cholinergic nerve-endings in the 
organs concerned, and later {ii) stimulation of vasoconstrictor nerves through the centre ; 
■ney also appear to he due, to a small extent, to {in) direct stimulation of involuntary muscles. 
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Intboddction. 

Bubr and Bdrb (1930) first observed that the blood serum of rats fed a fat-free 
diet absorbed less iodine than that of the control animals. Hansen and Burr (1933) later 
found that the concentrations of cholesterol and total fatty acids in the serum of rats fed a 
fat-free diet were lower than in the control animals and the iodine number of the serum fatty 
acids of the former indicated a higher state of saturation than that of controls. Williams 
and Maynard (1934) determined the total lipoids, phospholipoids, free and combined chole- 
sterol and iodine number of the total lipoids in lactating goats receiving in one period a nearly 
fat-free ration and in the other the same ration supplemented with various oils. They found 
that the total lipoids and phospholipoids in the plasma dropped gradually on the fat-free 
diet and rose again on the other diets, irrespective of the type of fat used. In dogs the iodine 
number of the serum lipoids was found to be definitely lowered by low-fat diets by Hansen, 
Wilson and Williams (1936) and again in rats by Hansen and Brown (1937). 

Hansen and Brown (1938) fed fata to rats at 20 per cent level. They found that there 
was a relationship between the level of the total serum lipoids and the degree of unsaturation 
of the dietary fats. The rats kept on the linseed oil diet had smaller quantities of total serum 
lipoids as compared with the animals on coco-nut oil. The cholesterol values tended 
to remain more constant, and the fatty acids of the serum appeared to maintain a rather 
uniform composition as to the degree of unsaturation present. 

Von Groer (1919, quoted by Brown, Hansen, Burr and McQuarrie, 1938) maintained 
two infants on a diet extremely low in fat over a period of several months. The growth 
of these infants was fairly good but both developed rickets due to the lack of fat soluble 
vitamin D in the special diet. Surprisingly enough one of them had an eczematous eruption 
of the skin because it occurred in spite of the regimen advocated in the treatment of eczema, 
.liter the resumption of a complete diet, both infants were foimd to be normal. Of 3 infants 
maintained on extremely low-fat diets by Holt, Tidwell, Edrk, Cross and Neale (1935) one 
developed marked eczema. The subject experienced a clinical remission when fat was added 
to the diet but again became eczematous, when the low-fat diet was resumed. 

Hansen (1933a) found that the iodine value of the serum fatty acids in eczematous 
infants was less than that in the normal infants of comparable age. The same author 
(Hansen, 19336) later reported that feeding of oils especially rich in unsatmated fatty acids 
brought about clinical improvement in cases of infantile eczema, which was accompanied 
by an increase to the normal value of the iodine number of serum fatty acids. 

Brown el al. (loc. cit.) reported observations on two somewhat older infants kept on a 
diet extremely low in fat, though complete in other respects, for a period of ten weeks. The 
infants showed no signs of rickets and no skin manifestations except repeated mild attacks 
of impetigo. Analyses of their blood lipoids revealed a moderate decrease in the 
unsaturation of the serum fatty acids, similar to that reported bv Hansen (1937) and by Faber 
and Roberts (1935) in iirfants with severe eczema. 
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Brown et al. {loc. eit.) determined the effects on a healthy man of a diet practically 
devoid of fat. A special fat-free diet supplemented with all the vitamins was fed for six 
months. A fall in the degree' of unsatiiration of the serum lipoids on a low-fat regimen Avas 
observed. The iodine value of the total fatty acids fell from 124 to 94 after six months. The 
subject showed no susceptibility to acute infections as a result of his extremely low fat 
intake. 

Thus, in human beings as well as in other animals it has been shown that on experi- 
mental fat-free regimen the iodine number of the total fatty, acids is lowered. Therefore, in 
groups of populations where fat intake is habitually low, certain deviations from the normal 
in the character of blood lipoids must be excepted. 

So far no work is reported indicating any relationship of this kind. The present inves- 
tigation was, therefore, undertaken to elucidate this particular point of view. 


Experimental, 

Blood samples were collected from healthy male subjects, between 20 and 40 years of 
age, from among the staff and students of the Seth G. S. Medical College, Bombay, and from 
the technicians and servant class as ivell. 

The subject was asked to come in the morning with an empty stomach. Ten c.c. of 
venous blood were taken from the superficial cubital vein by a syringe. The blood was 
allowed to clot, centrifuged, and the clear serum taken for the analysis of total fatty acids, 
cholesterol and the iodine value of the total fatty acids. Bloor’s method (1928) was followed 
for the estimation of total fatty acids and cholesterol. For the iodine value of fatty acids, 
Yasuda’s method (1931) Avas adopted. 

Table I gives the data regarding the average fat consumption and the values obtained 
for cholesterol, total fatty acids and the iodine value of the fatty acids. 

The levels of fat intake in the various subjects were obtained by the diet survey method. 
Where' this was not possible careful inquiries about the amounts of milk, ghee and oil pur- 
chased and consumed were made and the final figures obtained. The fat thus consumed is 
called the ‘ visible fat ’ which in the low-fat groups amounted to 10 g. to 12 g. per day per 
person, the rest of the fat Avas derived from cereals, pulses and other foodstuffs which again 
could be calculated from the respective quantities consumed. The figirres for fat intake 
are not expected to be very accurate. They represent, lioweA’^er, the leAml of fat intake with 
a possibility of approximately 10 per cent Amriation from the values in column 2, Table I. 

Table I. 


Serum lijjoids of human subjects ^viili different dietary fat intahes. 


Subject 

number. 

Daily fat 
intake, 

' g- 


PeK 100 c.c. SERUM. 


Iodine 
number 
of fatty 
acids. 

Iodine 

absorbed, 

mg. 

Total 

cholesterol, 

mg. 

Total 

fatty acids, 
mg. 

Total 

lipoids, 

mg. 

19 

130 

697 

161 

431 

.591 

128 

9 

126 

706 

16S 

417 

585 

1.39 

5 

120 

776 

201 

490 

690 

130 

10 

120 

701 

172 

384 

554 

152 

14 

120 

7oS 

166 

485 

651 

133 

23 

120 

644 

152 

472 

623 

115 
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Table 1—contd. 


Per 100 c.o. sebum. 


Subject • I°dme 

number. mtake, number 

g- Iodine Total Total Total . 

absorbed, cholesterol, fatty acids, lipoids, acids. 
™g- mg. mg. mg. 


12 

110 

706 

173 

532 

705 

110 

15 

110 

635 

161 

433 

593 

121 

21 

110 

763 

182 

385 

566 • 

164 

U 

110 

529 

187 

381 

568 

105 

20 

110 

785 

177 

468 

645 

139 

7 

100 

741 

175 

509 

685 

122 

13 

100 

683 

171 

404 

575 . 

132 

17 

100 

741 

155 

398 

553 

169 

18 

100 

776 

158 

484 

641 

141 

29 

100 

816 

175 

492 

667 

141 

GO 

100 

794 

170 

400 

575 

160 

44 

90 

' 557 

174 

395 

569 

111 

80 

90 

582 

130 

420 

650 

117 

82 

90 

653 

199 

340 

532 

152 

85 

90 

728 

177 

454 

631 

134 

81 

So 

645 

113 

461 

574 

123 

6 

80 

706 

204 

485 

689 

117 

11 

80 

653 

167 

393 

560 

137 

45 

SO 

557 

162 

359 

520 

125 

S3 

SO 

582 

174 

413 

587 

112 

76 

76 

595 

183 

239 

422 

195 

84 

75 

582 

159 

400 

659 

118 

35 

75 

578 

157 

396 

553 

119 

8 

16 

70 

70 

715 

675 

163 

167 

447 

401 

611 

568 

135 

140 

39 

70 

582 

155 

348 

503 

137 

CO 

70 

512 

150 

355 

505 

116 

67 

6S 

69 

73 

70 

70 

70 

65 

619 

602 

6SS 

662 

150 

156 

167 

130 

358 

343 

374 

475 

508 

499 

541 

605 

144 

142 

153 

121 
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Table'^I — concld. 


PeB 100 0.0. SEBUM. 


Subject 

number. 


Daily fat 

g. Iodine Total Total Total 

absorbed, cholesterol, fatty acids, lipoids, 
mg. mg. mg. mg. 


Iodine 
number 
of fatty 
acids. 


70 

61 

546 

183 

391 

574 

107 

33 

61 

529 

162 

385 

547 

109 

53 

57 

511 

186 

441 

628 

87 

61 

52 

459 

171 

370 

541 

02 

55 

51 

494 

196 

31G 

511 

114 

40 

50 

679 

137 

430 

567 

171 

50 

48 

525 

196 

420 

615 

102 

28 

47 

556 

134 

507 

640 

92 

38 

45 

523 

149 

378 

527 

121 

75 

41 

450 

155 

248 

403 

139 

27 

40 

716 

123 

570 

692 

no 

30 

40 

467 

170 

397 

568 

88 

32 

40 

511 

161 

423 

684 

95 

46 

40 

503 

142 

343 

486 

118 

oo 

39 

629 

153 

365 

617 

116 

34 

38 

522 

173 

375 

548 

108 

57 

38 

459 

129 

416 

544 

89 

65 

38 

695 

141 

316 

456 

168 

22 

36 

776 

166 

431 

597 

153 

42 

36 

476 

131 

417 

548 

94 

51 

34 

469 

138 

329 

466 

111 

64 

32 

666 

171 

404 

575 

•109 

41 

31 

494 

160 

354 

514 

108 

64 

31 

459 

129 

388 

517 

95 

74 

31 

444 

152 

204 

365 

167 

20 

30 

423 

174 

478 

652 

64 

43 

30 

490 

153 

388 

540 

100 

48 

30 

459 

154 

396 

550 

89 

52 

30 

423 

160 

365 

515 

89 

78 

30 

413 

100 

289 

389 

119 

79 

30 

556 

156 

555 

711 

81 

71 

30 

635 

159 

424 

582 

125 

77 

29 

459 

167 

397 

564 

87 

49 

28 

498 

164 

384 

549 

100 

59 

27 

564 

178 

288 

466 

153 

56 

26 

564 

186 

295 

481 

148 

36 

25 

628 

154 

361 

515 

146 
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Tasle II. 

Average values of serum Ufoids. 



Range of fat 
intake, 

g- 



Per 100 c.o. seech. 


lOBUtB nCMBEE OF 
FATTY ACIDS. 

Group 

number. 

Number of 
observations. 

r~ 

Iodine 

absorbed, 

mg. 

Total 

choles- 

terol, 

mg. 

Total 

fatty 

acids, 

mg. 

Total 

lipoids, 

mg. 

Average. 

Standard 

deviation. 

I 

91 to 130 

17 

721 

171 

445 

616 

135 

18-1 

II 

61 to 00 

22 

616 

163 

392 

555 

130 

22-4 

III 

31 to 60 

23 

529 

155 

384 

539 

115 

25-7 

IV 

up to 30 

12 

509 

158 

385 

543 

108 

29-5 

A 

61 and above 

39 

662 

166 

415 

581 

132 

20-5 

B 

GO and below 

35 

522 

156 

384 

540 

112 

25-9 


Discussion. 

Cholesterol, total lipoids and total fatty acids. — ^The average values for cholesterol were a 
little Mglier in the group with the daily consumption of 100 g. to 130 g. fat, hut in the 
remaining three ^oups the values showed very little deviation. Thus, within the limits 
investigated the dietary fat level seems to be -mthout influence on the serum cholesterol 
values. 


In the case of the average values for cholesterol, total lipoid and the total fatty-acid 
concentration in serum statistically significant difierences were not found to exist between the 
^erent groups. Even when the data were grouped in two classes, one having a daily fat 
intake above 60 g.^ and the other below that figure, no clear-cut conclusions could be drawn. 
All that can be said at the present moment is that further analyses should provide a larger 
sample which might possibly bring out the difierences, the trends of which have become 
apparent in the figures presented here. 


Iodine number of the fatty acids. — There appears to be a gradual decrease in the iodine 
values of fatty acids with the decrease in fat consumption. As the figures for the standard 
deviation show, the variation in any one group was rather large, and the difierences in iodine 
n^ber between the four groups (divided rather arbitrarily) were not statisticallv significant. 
\\ hen the ^ta were put together in two larger groups, one having a daily fat intake above 
60 g, and the other below 60 g. the average iodine values in the two groups were 132 and 112 
respectively and the diflerence between the two was found to be statistically significant. 

An atternpt was then made to find out if there was any close associatiou between the 
level of tat intake and iodine number of serum-fatty acids. Unfortimatelv the figures 

.0^ correlation showed the absence of such association ^One 
possible e^Ianation for this is that in the diets of the subjects investic^ated the level of fat 
codd not have been the o^y difierence between the different groups. If oAe bea^^^^^^^ 
that the subjects belonged to difierent economic strata of society with monthlv inpomPQ 
ranginp from Rs. 2o to Rs, 300 or more and that low fat intakes were commonly fomid in thp 

Si“ sSpokSorot 

feodstuBs we consumed in extremely sninlj ,unntities. It b«7owS1SS 
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the lower income groups where the fat intake is low, a major portion (60 per cent) of the daily 
fat is derived chiefly from cereals, pulses and other articles of diet, a small quantity of oil 
used for cooking and a very small amount of milk used mainly in tea. 

Then again the type of dietary fat mixture itself, which varies according to the quantity 
of milk products consumed, would be of some importance in determining the iodine number 
of serum-fatty acids (Hansen and Brown, 1938). Thus, it would appear that in addition 
to the level of total fat intake some other factor or factors might have possibly influenced 
the composition of the serum lipoids in the subjects under investigation. 

Further work on the problem arising out of this investigation is in progress. 


Summary. 

1. Analyses of total lipoids, total cholesterol, total fatty acids, and iodine absorbed in 
blood serum of 74 normal human subjects subsisting for long periods on difierent levels of 
dietary fat intake have been carried out. The values for fat intake were arrived at by diet 
survey methods. 

2. The observations were grouped in two classes only, one containing individuals 
having daily fat intake above 60 g. and the other below this figure ; the average figures for the 
iodine values of fatty acids difier significantly. The statistical treatment of the figures for 
the remaining constituents, however, does not give clear-cut indications about the significance 
in the difierent average values although they show a tendency to decrease with tlie 
decrease in fat intake. A larger sample is considered desirable. 

3. The iodine value of fatty acids of serum and the level of dietary fat show a parallel 
decrease but no close association could be established between the two. It is suggested 
that in addition to the influence exerted by the level of dietary fat other difierehces in the 
composition of diets between the various groups might possibly have influenced the composi- 
tion of serum fatty acids in the subjects investigated in the present series. 


Dr. B, N. Acharya was associated with this work in its early stages as an I. R. F. A. 
worker ; he gave great help in the standardization of the technique and analysed several 
samples of serum. The authors have great pleasure in thanking him for the valuable 
assistance rendered. 
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The observations on clinical and experimental rickets made by Patwardban, Cbitre and 
Sukbatankar (1944, 1945) have shown that the onset, progress and healing of rickets are accom- 
panied by changes in the ionic prodnets of calcium phosphates in blood serum. The question 
naturally arose as to whether they were of such a magnitude as to be distincthy diagnostic of 
early vitamin D deficiency. Patwardhan (1943) had suggested that a comparative study of 
the changes in ionic products and serum alkaline phosphatase values might be made to decide 
which one of the two could give an earlier indication of vitamin D subuutrition. The present 
investigation was undertaken with this object in view. 

Experimental. 

Four young puppies from the same litter, four to five weeks old, were used for the experi- 
ment, the design of which was similar to the one described by Patwardhan el al. (1945). Two 
animals were given vitamin D deficient diets and the two controls received in addition a supple- 
ment of vitamin D. The diets used in this experiment are given in Table I ; — 

Table I. 

Composition of rachitogenic diets. 


Articles. 

Diet I. 

Ca: P=l-33 

Diet II. 
Ca : P=5- 


g- 

g- 

Rice, milled 

40-0 

40-0 

Chloroform extracted casein powder 

... 2'o 

1-25 

White of egg equivalent of dried powder 

1-0 

2-8 

* Salt mixture (Ca : P=2: 1) ... 

1-0 


* Salt mixture P free 


2-0 


’ The s.ilt mi.v-turcs were prepared by slightly modirvin-r 
111 order to obtain the requisite Ca : P ratio on the diet as 
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Wesson’s (1932) method 
supplied to the animals. 



TJie following supplements were administered directly in aqueous or oil solution, as the 
case required, in semi-weekly doses. Their quantities are given in terms of the dosage per 
day per dog ; — 


Thiamine hydrochloride 
Riboflavin ... 

Nicotinic acid 
Pyridozine ... 

Calcium pantothenate ... 

Ascorbic acid 

Vitamin A (diluted shark liver oil) 
Vitamin D (to control animals only) 
a-tocopherol acetate in oil 


1 mg.* 

1 mg. 

10 mg. 

1 mg. 

1 mg. 

5 mg, 

100 I.U./kg.* 

100 I.U./kg,* 

1 mg. per week. 


It has been observed in this laboratory (Patwardhan et al., 1945) that, irrespective of the 
Ca : P ratio in the diet, rickets could be induced in the young puppies provided the diet was 
deficient in vitamin D. The progress of the deficiency state, however, was rather slow in 
cases where the dietary Ca : P ratio was between 1 and 2, but with a high dietary Ca : P 
ratio, the process of induction of the rachitic state was considerably accelerated. 

As the duration of the present experiment was estimated at about 10 weeks, it was decided 
to administer at first a diet with a normal Ca : P ratio and after 5 weeks a diet with a high Ca : P 
value. Ail animals therefore received diet I up to the 35th day when they were transferred 
to diet II. 

The animals were bled from the external jugular vein once a week after overnight starving. 
Total calcium, inorganic phosphorus, and protein -were estimated in the serum, using the 
methods described by Patwardhan et al. (1944). The alkaline phosphatase was estimated in 
the same sample of serum by the method of Giri and Shourie (1939). The relevant experi- 
mental results are illustrated in Graphs 1 to 4, 

The x-mj pictures of the distal ends of radius and ulna were taken periodically to follow 
the progress of the deficiency state and its healing subsequent to vitamin D administration 
(Plates II and III, photos 1 to 20). 


Discussion. 

Growth . — The growth of the animals was satisfactory until the change over to diet II. 
In 34 days on diet I the average increase in weight per dog was r24 kg. With the change of 
diet a retardation in growth was observed in three cases ; only dog 27 kept on increasing m 
weight. The diminution in growth rate in the second period may probably be due to the 
drastic change in the dietary Ca : P value. 

In an earlier experiment (unpublished work) it was observed that in the control animals 
showing rapid growth, vitamin needs were greater than in the slow growing animals partic- 
ularly with regard to vitamins A, and D. Besides, it appeared that the greater the discre- 
pancy between Ca and P values in the diet the greater was the need for vitamin D. In the 
present experiment the quantity of vitamin D administered to the. control animals was 100 
I.U. per kg. per day in the beginning j on change of diet it was soon apparent for reasons given 
later that this was insufiicient and hence the vitamin D dosage of the control dogs 28 and 29 
was increased to 200 I.'U. per kg. per day. Dosages of some other vitamins were also doubled 
as has already been in&cated. 

Dog 28 died on the 67th da)^ after showing signs of increasing weakness over a number 
of days. Post-mortem examination did not reveal any abnormality. 

Calcium. — ^There was no marked change in the serum calcium content of either group 
until the diet was changed, ilfter the dogs were put on diet II the serum calcium increasea—- 
as was to be expected on a low P diet — ^in both the experimental and in one of the control 
animals. In case of the other control animal (dog 29) the value increased enormously causing 
marked hj'percalcmmia, at one time the maximum figure being 18‘18 mg, per cent, 

• The vitamin dosages marked Tvith an asterisk %rere doubled on the 48th day of the experiment as there 
w.as reason to that the supply w’as insufficient. 
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Plate II, 





Photo 8. 43rd day. 



Photo 9. .o6th day. 









Total 

Units/100 ml. Ca, mg. Inorg. P, protein. Weight, 
pK s.p. CaHP04. pK s.p. Ca8(P04)2. phosphatase, percent, mg. percent, g. per cent. kg. 



Change from diet Cn ; P = 1‘33 to diet Ca ; P = 5'95. 
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Change from diet Ca ; P = 1-33 to diet Ca : P = fiOa. 


( 


Units /100 ml. Total 

phospha- Ca, mg. Inorg. P, protein, Weight, 

pK s.p. CaHP04. pKs.p. Ca3(P04)2. tase. percent. mg. percent, g. percent. kg. 



Graph 4.— Changes in concentration of some serum constituents in dog 29 kept on rachitogenic 
(jigt -u supplement of vitamin D. 

? Vitamin D dosage doubled to 200 I.U./kg./day. 

V 

t Change from diet Ca ; P = 1-33 to diet Ca ; P = 5-95, 

X 


On tlie 62nd day a single dose of 200,000 I.U. of vitamin D in oil was administered to 
botii tbe experimental dogs, to dog 26 intravenously and to dog 27 orally. On tne 4th day 
after the administration the serum calcium continued to increase hut on the 7th day there 
was a marked fall in both the dogs which was synchronous with a rise in the serum inorgamc 
phosphorus level. Again on the 14th day after the vitamin D dosage the level of calcium 
increased while that of inorganic phosphorus came down. 

Inorganic phosphorus.— It will he clear from the figures that on diet I there was a slight 
but definite increase in the serum inorganic phosphorus at the beginning in three animals, 
whereas in dog 28 which had a rather high initial serum inorganic phosphorus value the 
downward tendency was marked from the hegiimiug. After 20 clays a^ decrease in the value 
was observed in both the experimental animals. Thus by the time diet II was begun the 
serum inorganic phosphorus in dogs 26, 27 and 28 had fallen from the initial values oi 6-12 mg., 
6-0 mg. and 8-62 mg. per cent to 5*42 mg., 5-39 mg. and 5-41 mg. per cent respectively. 

The low phosphorus content of diet II caused an acceleration in the rate of fall of 
serum inorganic phosphorus even in the controls, a tendency which was checked by doubling 
the daily dosage of vitamin D as already mentioned (Graphs 3 and 4). 

On the 62nd day the inorganic phosphorus values of dogs 26 and 27 were 2‘98 mg. and 
2-91 mg. per cent respectively. Within 7 days of the administration of the heavy dose of 
vitamin D, a sharp increase in the serum, phosphorus value was noticed in both the experi- 
mental dogs. In dog 26 to which vitamin D had been given intravenously, a slight elevation 
was noticed as early as 4 days, whereas in dog 27 the rise in serum iuorgauic phosphorus 
occurred later. 


Ionic producfs. — ^Patwardhan et al. (1944) have studied the ionic products of calcium 
phosphates in blood serum of rachitic and normal infants and children and have observed 
that the pK. s.p. Ga3(P04)2 values above 23*0 were found in infants and children actually 
sufiering from rickets or clinically suspected to be so, although the radiological evidence in the 
latter was negative or not available. Out of the 79 rachitic children and infants whom they 
studied, all but four had a pK s.p. CaOTO^ value above 5-7. This may be taken to mean 
that a value higher than 5*7 could be associated with rickets. 


Out of the two solubility products, viz. pK s.p. CaHPO^ and pK s.p. Ca3(P04)2, the 
former appears to he a fairly sensitive index of the state of vitamin D deficiency once it is 
established. In the present experiment it was found that althongh the pK s.p. Ca3(P04)2 
was still below 23'0 in both the experimental animals the radiological examination at the time 
testified to the onset of rickets (photos 2 and 8). This thus lends additional support 
to the observations of Patwardhau ef al. (1945) referred to above on experimentally induced 
vitamin D deficiency. 


As Graphs 1 to 4 indicate the solubility product of CaHPO^ was showing a very slow 
increase in the animals on diet I. There was no increase in case of the control dog 29, but in 
the other control (28) the initial value of 5-33 was elevated to 5'65. Tlie cause of this 
unexpected increase could not be satisfactorily explained since the radiological examination 
did not show any sign of rickets in the distal ends of the radius and tilna (Plate III, photos 
13 and 14) of that particular animal. ’ 

The severity of the vitamin D deficient state in dogs 26 and 27 had become most marked 
radidogically by the 62ad day. A single massive dose of vitamin D then administered caused 
its effect to be felt within 7 days in both the experimental animals (in dog 26 within 4 days) as 
was dete^ned by the pK s.p. CaHP04 values. In dog 27, however, there was a slight 
increase from 5-82 to 5-88 m the pK s.p. CaHP04 value on the 4th day, but the value on the 
/th day was 5’48. 

It is interesting to compare the values of serum Ca, inorganic P and the ionic urodnot'; 
m dogs 26 ai^ 27 (Graphs 1 and 2) on the 13th day after the administration of the heavy dose 
. riv ? (Plate 11). The latter give proof of fair p^gress 

whereas the ionic products indicate a tend^cf td 
of onn nnn ?tt state, ^e question naturaUy arises as to whether the single lo^e 

if sufficient or whether a further dose was necessary for continued healing 

It would appear from Graphs 1 and 2 that a second dose of vitamin D would have been necessan' 
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to prevent the relapse if the experiment had been continued further. This seems to require 
some explanation, 

A mention has already been made that the intravenous administration of vitamin D 
brought on healing earlier than when it was given orally (Plate II, photos 5. and 11). On the 
basi.s of the studies of Morgan and Shimotori (1943) on the absorption of vitarnin D from the 
gut it appears reasonably safe to conclude that the vitamin must have lieen almost completely 
absorbed from the intestine of dog 27 to whom it was given orally. 

In both the animals, therefore, almost equally large amounts of vitamin D were available 
for use or storage. Polskin, Kramer and Sobel (1945) who have recently reviewed the evidence 
about the fate of vitamin D in the body suggest that the latter is inactivated or destroyed 
in some unknown manner, and that the storage of the vitamin accounts for a very small 
percentage of the total dose. It is likely that in the present experiment such a thing might 
have happened. Moreover, since the diet still continued to be rachitogenic the need for further 
vitamin D was reflected in the changes in serum Ca, inorganic P and the ionic products leading 
to a deficiency state. This possiblv is the explanation of the ‘ kick back ’ apparent in Graphs 
1 and 2. ^ . 

Phosphatase . — It was Demuth (1925, quoted by Morris and Peden, 1937) who first reported 
high plasma phosphatase values in rickets. Later on, Kay (1932) observed a twenty-fold 
increase in the serum phosphatase values in rickets of different types, i.e. infantile, adolescent 
or renal. Bodansky and Jafle (1934a, 1934b) confirmed these findings in infantile rickets 
but when they tried to correlate the increase in serum phosphatase with the intensity of rickets 
they failed to establish a satisfactory correlation in some of the rachitic cases, for in spite of an 
enlarged epiphyses and other clinical signs indicating active rickets the determinations of 
phosphatase indicated a completely normal state of health. These authors further observed 
that unless complete healing took place the serum phosphatase value remained at a slightly 
higher level than the normal. 

Barnes and Carpenter (1937) have compared the reliability of the diagnostic procedimes 
for rickets based on {i) the radiological findings, (n) the fall in serum inorganic phosphorus 
and {in) the increase in the plasma phosphatase. Their report on 187 cases indicates that 
whereas 25 per cent of the cases could be diagnosed radiologically and 20 per cent by serum 
inorganic phosphorus determination the estimation of serum phosphatase could help in the 
diagnosis of 05 per cent of the cases. Thus, it is clear that the phosphatase test gives a fairly 
reliable indication of the state of vitamin D deficiency. 

Klasmer (1944) has reported a study of serum phosphatase activity in ],000 children from 
6 months to l^ years of age and has come to the .same conclusions as Barnes and Carpenter 
(foe. cit.). He observed, however, that only in 88 cases there was a close parallelism between 
the intensity of rickets and serum phosphatase activity. 

The alkaline phosphatase of serum is affected by deficiencies of many other constituents 
of diets besides that of vitamin D (Freeman and Farmer, 1935 ; Weil and Russell, 1940 ; Goiflcl 
and Schwachman, 1942; Bourne, 1943: Combs, Norris and Heuser, 1942;,Diitra and 
McKibbin, 1945). 

In clinical rickets there may occur concurrently several deficiencies besides that of vitamm 
D, for it is generally known that it is rare to come across cases of deficiency of only a single 
nutrient. In such cases then, the determination of serum phosphatase alone would not give a 
correct indication of the degree of uncomplicated Autamin D deficiency. 

In the present experiment it was observed that, excepting in dog 26, the initial phos- 
phatase values of all the animals were between 9 and ] 0 Bodansky units. The slightly ele- 
vated initial value of 13 units in dog 26 may lead one to suspect an incipient vitamin D deficient 
state of the animal. It may, howmver, be noted that in all the cases the phosphatase value 
gradually and steadily increased from the very outset. In dog 26 the maximum value was 
reached as early as the 27th day, the pK s.p. CaHP04 at that stage being 5’65. The radiol- 
ocioal pictures of the am'mals on that day were equivocal (Plate II, photos 1 and 7). 

A change in the Ca : P ratio of the diet from a Ioav to a high value did not accelerate tlic 
increase in the serum phosphatase activity, inasmuch as excepting in dog 27 the value was 
very slightly changed. This observation miglit support the contention of Jlorris and Peden 
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(loc. cit.) tliat the serum phosphatase is not an altogether suitable index of the seAcrity of 
vitamin D deficient state. 

In the control animals (Graphs 3 and 4) a particularly interesting observation was 
the change in the diet caused a sudden and unexpected fall in the phosphatase value^ which 
rose to its previous level after doubling the vitamin D dosage. The radiological examination 
of both the animals, however, did not show signs of rickets at any time. 

The administration of a heavy dose of vitamin D to the experimental animals 26 and 2/ 
caused in either case a marked fall within 7 days which was timed "with a similar fall in the 
pK s.p. values of both the salts. It was found that whereas the solubility products^ had 
definitely reached the saturation level, the phosphatase value still lingered at a slightly higher 
level than the normal. 

The radiological picture two days after the ingestion of vitamin D does not show any 
commencement of the healing but the x-thj picture taken on the 9th day reveals considerable 
progress in healing which is greater in dog 26 than in dog 27. 

Thus, it will appear that the serum phosphatase increased as the vitamin D deficiency 
progressed. A change in the Ca ; P ratio had, however, no appreciable influence on the serum 
phosphatase. When the changes in the serum phosphatase are compared with those in the 
pK s.p. values it will be iound that the former gave a more correct picture of the state of 
vitamin D nutrition in the early, incipient and mild stages but (i) it coidd not provide a^ correct 
index of the severity of the disease caused by vitamin D deficiency and (i?) it could not indicate 
whether complete healing had taken place or not. 

The pK s.p. figures on the other hand appear to be influenced by the dietary Ca : P ratio 
in addition to the influence exerted by the vitamin D deficiency, as is proved, hy the fact that 
they moved to the nndersaturation level rapidly when the Ca ; P ratio in the diet was increased. 
On administration of the vitamin D, the ionic products appeared to be affected earlier than 
the serum alkaline phosphatase and so a sudden fall in the value was noticed thus providing a 
surer index of the healing process. 


StIMlIARY. 

Experiments were carried out on four healthy young puppies : (i) to study the time 
relationship between 'the increase in the serum alkaline phosphatase and of the solubility 
products of CaHP04 and Ca.'i(P04)2 with the onset, progress and cure of the deficiency of 
vitamin D, and (ii) to determine which of the two would give a reliable indication of 
vitamin D deficiency in its early stages. 

The animals were divided into two groups : control and experimental. Both the groups 
in the beginning received a diet containing a Ca ; P ratio of 1'33. hut after 34 days the latter 
was increased to 5' 95. The animals received supplements of vitamin A, B complex, ascorbic 
acid and vitamin E and vitamin D (to control animals only) in adequate amounts. The 
experimental animals were given one dose of 200.000 I.U. of vitamin D on the 62nd dav. 
the one orally and the other intravenously. 

The animals were bled every week and serum analysed for calcium, inorganic phosphorus, 
phosphatase and total -protein. Badiological pictures of the distal ends of radii and ulme 
were also taken. The findings are summarized below ; — 

The solubiiitj' products of CaHP04 and Ca3(P04)2 did not show an appreciable change 
towards the unsaturation level until the change over to the high Ca : P ratio diet. On changing 
the diet, however, the negative logarithm of solubility product increased rapidly with the 
progress of vitamin D deficiency in both the experimental animals ; in the control animals the 
increase was not so rapid ; moreover, it remained on the saturation side on doubling the vitamin 
D dose. Radiologically, also rickets was absent in the control. In the experimental animals 
the increase in jiK s.p. CaHP04 appeared to be coincident with the increase in the severity 
of the disease and on the administration of the hea\’q’ dose of the vitamin D it suddenlv 
decreased within 4 to 7 days ; r-ray pictures on the 9th dav indicated the commencement 
of the healing of bones. 

In direct contrast to the solubility product, the serum alkaline phosphatase started 
increasing from the very beginning of the vitamin D deficiency and, on changing the diet, 
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the increase did not keep pace with the severity of rickets as judged by the a;-ray pictures of 
the bones. Moreover, on the administration of the massive dose of vitamin D the value did 
not reach the normal rapidly' but lingered at a slightly higher level than the normal. 

The authors have great pleasure in thanking Messrs. Hoffman La Roche Inc. (U.S.A.) 
and Dr. T. J. Thompson Wells of Volkart Brothers (Bombay) for the free gift of pure vitamins 
used in these experiments. One of us (P. K. D.) is grateful to the Indian Research Fund 
Association for the grant of a Fellowship which enabled him to take part in this work. The 
authors also thank the Dean of the K. E. M. Hospital, Bombay, for permission to use the 
x-ray equipment and the staff of the department for talcing the photographs. 
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In a previous communication (Hynes, Ishaq, iSloiris and Vetma, 1946) we described 
the blood findings on eight hundred newly-joined South Indian army recruits, and demon- 
strated a correlation between the degree of anaemia and clinical signs of malnutrition. In 
this paper we report our observations on the response of these men to difierent diets and to 
iron medication during their first six months of training. 

We compared three diets based on the Indian Army standard ration — the first 
unmodified, the second with a daily addition of eight ounces of meat (dressed weight), and 
the third a lacto-vegetarian diet in which the meat of the standard ration was replaced by 
tinned milk equivalent to 48 ounces of fresh milk daily (Table I). The two modified diets 
' thus had an approximately equal animal-protein content. Full details of the composition 
of these diets, and of concomitant nutritional observations, will be reported separately by 
one of ns (0. P. V.). 

Table I. 


The actual average daily consumption (after allowing for wastage, 
etc.) of recruits in the different diet groups during the 
six months of the experiment. 




Diet. 



Standard 

ration. 

Ettra meat. 

Lacto- 

vegetarian. 

Meat (dressed weight) 

... I’J oz. 

10 oz. 

Nil. 

Fish 

... 1'5 oz. 

Nil. 

Nil. 

Milk 

... 6 oz. 

6 oz. 

54 oz. 

Skimmed milk powder 

... ^ I oz. 

Nil. 

-y-'- 

Nil. 

. / 

Rice 


13 oz. 


Atta (wheat flour) 

... 

7‘o oz. 


Dhal (pulses! 

... 

2’j oz. 


Vegetables. 

... ' 

10'5 oz. 


Fruit 

... 

1'5 ox. 


Sugar 

... 

3-25 07 . 


Ghee (cooking fat) ... 

... 

2-5 at. 
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Table I — concld. 




Divt. 



Standard 

ration. 

Extra meat. 

Lacto- 

vegetarian. 

f animal 

Protein - 

( vegetable ... 

24 g. 

46 g. 

46 g. 

79 g. 

75 g. 

74 g. 

Carbohydrate 

C37 g. 

617 g. 

676 g. 

Fat 

93 g. 

114 g. 

129 g. 

Iron 

41 mg. 

43 mg. 

38 mg. 

Calcium ... 

... 827 mg. 

C25 mg. 

2,078 mg. 

Calories 

3,800 

4, ODD 

4,300 


We also tested tlie efEect of ferrous sulphate at two dosage levels, three and six grains 
dail)'', given for the first four months of training. 


Material and methods. 

This work was done between May and December 1945 in Harihar, Mysore State, at an 
altitude of 1,700 feet above sea-level. Except in May the weather was cool by Indian 
standards, , 

The subjects of the experiment were newly-joined South Indian recruits to a Pioneer 
Battalion. We described their racial composition and blood findings in oui‘ preliminary 
communication. 

The men underwent normal training and the usual routine of vaccination and inocula- 
tion with T. A. B. and tetanus toxoid. They were not wormed. 

Plan of experiment. — The e.xperiment comprised seven treatment groups ; — ■ 

A. Iron groups (given 6 grains of ferrous sulphate daily for the first four 

months) : 

1. Standard ration diet. 

2. Extra meat diet. 

3. Lacto-vegetarian diet. 

B. Control groups (no ferrous sulphate given) ; 

4. Standard ration diet. 

5. Extra meat diet. 

« 6. Lacto-vegetarian diet. 

C. Half-iron group (given 3 grains of ferrous sulphate daily for the first four 

months) : 

7. Standard ration diet. 

The composition of the different diets is shown in Table I. 

Fifteen unselected men from the most recent arrivals at the Training Centre were taken 
into the experiment daily during Slay and June 1945. 
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In an experiment of this type all the characteristics which might afiect the result should 
be evenly distributed throughout the treatment groups. In other words, any man taken into 
the experiment on any day must have equal chances of being assigned to any group. It is 
permissible to equalize the distribution of any one characteristic, but this must be done in 
such a way that the fandom distribution of both this and the other characteristics are not 
disturbed. 

We chose to equalize the hremoglobin distribution of our entrants. To each hsemoglobiii 
level, at 0‘5 g. intervals, we assigned a different set of the numbers 1 to 7 in a random order 
from published tables (Fisher and Yates, 1943). Each of these numbers represented a treat- 
ment group, and the order of the nmnbers was that in which men with a particular hiemoglobin 
level were to be distributed amongst the different groups. In this way the treatment groups 
were filled at nearly equal rates, and X'sqnared tests showed that the frequencies of all the 
many characteristics observed were truly randomized over the groups. This random dis- 
tribution was not disturbed by the heavy loss of subjects through sickness and ahsentee-ism, 
but at the end of the experiment the numbers of subjects remaining in the different groups 
differed rather widely, but not significantly. 

Bach man was re-examined three times at eight-week intervals, so that for each subject 
we had four sets of data covering a total period of six months. 

Technique. — ^The men were bled on all occasions at the same time of day in the early 
mor ning after breakfast. The techniques used were described in our preliminary commu- 
nication (p. 119). At the end of the experiment we checked our hEemoglobinometer against 
an hf, P. L. standardized Haldane haamoglohiuometer ; there was no significant error. 

We estimated the .serum-protein level by van Slyke’s copper-sulphate serum specific 
gravity method. Standard solutions were made from a stock containing 170 g. of GnSO^, 
SHaO in 1,002'4 g. of water, and the serum-protein level was calculated from the formula : — 

Serum-protein level (g. per 100 ml.) = (serum gravity — 1,007’2) X 0‘36, 

Full details are given in a previous paper (Hynes, Ishaq and Morris, 1946). 

Ferrous sulphate exsiccatus B. P. was suspended in water immediately before use and 
given just before the evening meal. 

Statistical methods. — ^The principal statistic used to measure the rise in hsemoglobiu level 
during the experiment was the hsemoglobin ‘ growth rate that is the average rate of hEenio- 
glohin increase. Graph 1, for example, shows the mean haemoglobin levels at two-month 
intervals of the men of one of the treatment groups. The straight line drawn in the figure 
has been calculated so that it is the best possible representation of the trend of these four 
haemoglobin levels. The slope of this line is the haemoglobin ‘ growth rate ’. It will be seen 
that the straight line over-simplifies the nature of the haemoglobin increase — the haemoglohin 
rose rapidly at the beginning of the experiment and fell slightly at the end. To study this 
progressive change in the haemoglobin growth rate we use the curve drawn in the figure, and 
calculate the mean rate of change of the hemoglobin ‘ growth rate ’. 

’From each inclividual’s set of four liajuioglobin readings wo caiculatod, by the use of ortliogoiial polyiiomials 
(Fisher and Yates, loc. cil.), a curve of tlie form : — 


Hb=A-i-Bt+C (t»— i) 

^ ^ two-moiitb units from the mid- point 

of the experiment. Thus, the linear regression function B is the mean hremoglobin ‘ grou'th rate ’ durinc tho 
cxpcrinicnt, and trie term C is naif tlie mean rate of cUnngc of tlie Uicnioglobin. * growth rate 


Analyses of covariance were made using these regression functions as dependent variates. The independent 
variates are defined in tho appropriate sections below. ^ 


Results. 

There is always a possibility that illness will interfere with haimoglobin regeneration 
.and some diseases, such as malaria, are certain to exert an adverse effect. We therefore 
excluded from oiir senes all men who had, during the period of observation, been admitted t( 

* common cold The latter term covered a group o 
imld febrile illncssos lasting for only two to five days. ^ 
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Table II. 

The mean hcBinoglohin levels {g. per 100 ml.) on recruitment and after six months' 
training of men in the different groups. Ferrous sulphate was given 
daily for the first four months in the dose indicated. 







Initial Hb. 

Final Hr. 

Diet. 



Dose of 
FeSO^. 

Number of 


> 





cases. 




■ ■>, 






Mean. 

S.D. 

Mean. 

S.D. 



f 

6 grains 

75 

14-47 

1-4672 

16-02 

0-7591 

Standard ration 

- 

I 

3 grains 

84 

14-50 

1-4663 

16-00 

0-9494 




Nil 

79 

14-76 

1-3538 

15-79 

0-9597 


{ 

6 grains 

91 

14-68 

1-4857 

16-21 

0-8219 

Extra meat 







Nil . 

78 

14-51 

1-4093 

15-86 

1-0814 


1 

1 

6 grains 

77 

14-54 

1-3375 

15-94 

0-7663 

Lacto-vegetarian 






V 

Nil 

85 

14-70 

1-3025 

15-66 

1-0523 


The hsemoglobin changes in the different groups are summarized in Table II. It will 
be seen that there are considerable differences between the ‘ iron groups whose members 
received ferrous sulphate for four months, and the ‘ control groups ’ whose members had no 
ferrous sulphate. There are smaller differences between the different diet groups. The 
significance of these differences is best tested by consideration of the haemoglobin ‘ growth 
rates that is the average haemoglobin increase per two-month period of the different groups 
(Table III). 

Table III. 

The mean hcemoglobin ‘ groivth rate ’ {g. per 100 ml. per hvo months) of the different 
treatment groups. The ‘growth rate’ is the linear regression function, and 
the adjusted values were obtained by the analysis of covariance. . 


DIET. 


Dose of FeSOj. 


Standard ration. 


Extra meat. 


Lacto-vegetarian. 



Observed. 

Adjusted. 

Observed. 

Adjusted. 

Observed. 

Adjusted. 

6 grains 

... 0-56 g. 

0-53 g. 

0-56 g. 

0-57 g. 

0-51 g. 

0-50 g. 

3 grains 

0-54 g. 

0-53 g. 

— 

— 

— 

— 

Nil 

0-40 g. 

0-43 g. 

0-47 g. 

0-46 g. 

0-37 g. 

0-39 g. 


We nnalj-sed the covariance of the linear regression functions, using the initial hajmcglobin level, the tcigl' 
increase in six months (as a measure of adolescence), and the hookworm load as independent variates. From the 
reduced sum of squares we have ; — 


Degrees of Sum of 

freedom. squares. 


Mean Variance 

square. ratio. 


t; 

.)o0 


192-.‘i8 32 097 o-Sl 

.3,090-73 5-5290 


P. 


Under 

0-001 


3,283-31 
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Between groups 
Within groups 


Total 565 



(For tkis and Bimilar tests of significance the ‘ between groups ’ sum of squares used is the difference between 
the ‘ total ’ and ‘ within groups ’ sums.) There are very clearly significant differences between the hrornqglobm 
‘ growth rates ’ of the different groups, and the reduced residual mean square serves for t -tests on the individual 
adjusted means. 

It may be mentioned that the analysis of covarianee gave this experiment double the prcoisioii of a sinyile 
analysis of variance. The residual mean square of the analy'sis of variance of the growth rates is 13‘31bo, which is 
more than twice the reduced residual mean square of 5‘5290. 


Table IV. 

The mean rale of change of hcemoglobin groivth rate (g. per 100 ml. per two months) 
of the different treatment groups. This statistic is twice the term C of the 
best-fitting parabola, and the adjusted values were obtained 
by the analysis of covariance. 


DIET. 


Dose of FeSOj. 

Standard ration. 

Extra meat. 

Lacto-veoetabian. 

A- 

Observed. 

Adjusted. 

Observed. 

Adjusted. 

Observed. 

Adjusted. 

6 gcains 

-0-62 g. 

-0-50 g. 

-0--16 g. 

-0-47 g. 

-0-4G g. 

-0-47 g. 

3 grains 

— Ctfi g. 

— 0‘43 g. 

— 

— 

— 

— 

Nil 

-0-19 g. 

-0-21 g. 

-0-21 g. 

-0-20 g. 

— 0'03 g. 

-0-04 g. 


Table IV shows the rate of change of the haimoglobin growth rate in each group. (This is twice the term C of 
the best-fitting parabola to the data.) These statistics were submitted to the same analysis of covariance as the 
linear regression functions, and the reduced mean squares similarly lead to a very significant variance ratio. (The 
reduced residual mean square is 0‘3297.) 

The effect of iron. — It will be seen from Table III that in all tbree diet groups men who 
received six grains of ferrous sulphate daily for the first four months of training had a sub- 
stantially greater bffimoglobin growth rate than men not receiving iron. All three differences 
are statistically highly significant. 

The differences shown in Table III are not numerically very large, but this is 
because the figures given are averages drawn from men with all grades of anemia. If we 
consider the ansBmic men separately then we see a much more dramatic difference, 
as illustrated by Graphs 2 and 3. Even the most anaemic classes of men receiving ferrous 
sulphate were restored to a normal haemoglobin level in four months, whereas similar 
classes receiving the same diets but no ferrous sulphate were still auEemic at the end of 
SIX months. 

A further point brought out by Graph 2 is that the haemoglobin ‘ growth rate ’ of the 
iron groups was rapid for the first four months, but that during the last two months there 
wa^s little change in the high level already reached. By comparison the hajmoglobin ‘ growth 
rate in the control groups was slower and more constant. These facts are reflected 
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iii tlie ineau rates of cliange of tlie lisemogloHu * growtli rates ^ (I’able IV) ; lu all diet 
groups the ‘ iron group ’ has a negative value significantly greater than that of the 
control group. 

The men of the standard ration group who received three grains of ferrous sulphate 
daily for the first four months of training improved just as rapidlj^ as men who had had six 
grains daily. There was thus no advantage in the larger dose. 



Month of training. 

GKArH 1. — ^Thc mean haemoglobin levels on recruitment and at tn'O-month intervals of 
men -(vho took the standard ration diet and received six grains of ferrous 
sulphate daily for the first four months of training. 


Some authors have found that iron medication raises the hasmoglobin to an artificially 
high level which is not maintained after the medication is stopped. We hoped hy gi'dng 
iron for- only four months to obtain some evidence on this point, but it will be shown below 
that during the last two months there w'as a general fall in the higher ha?mogIoh/n levels, 
equal whether ferrous sulphate bad previously been given or not. 
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The effect of dkt.~A\\ tiiree diets, wlietlier ferrous sulpliate was given or not produced 
a substantial improvement in tbe anaemia of these recruits. Table III shows that the extra 
meat ’ diet appeared to have the greatest hseuiatiTiic value, and the lacto-vegetarian diet 
the least ; this difference was statistically significairt. 

The adjusted mean hajmoglobin ‘ growth rates ’ were compared by ‘ t ’-tests. In the ‘ iron groups the mean 
‘ crowth rate ’ of the ‘ extra meat ’ group was not quite significantly greater than that of the lacto-vegetanan 
group (P : 0-075). The same relation held in the control groups {P : 0-081). If, however, we combine these two 



Month of training. 

Graph 2. — The mean haimoglobin levels at two-month intervals of recruits w-ith 
different degrees of anremia. The iron groups received 6 grains of 
ferrous sulphate daily for the first four months of training. 


probabilities (Fisher, 1944, Sect. 21.1) wo obtain a significant value of 0-04. The hxmoghhin ‘ grou-th rate ’ of 
the standard ration group was intermediate to the growth rates of the other two diet groups, but did not differ 
significantly from cither. = i ^ 


There were no .significant differences between the tlirec diet groups in the rate of change of heemoaiobin ‘ crowtli 
T.ate . It Witt, however, be seen from Table IV that the men of the lacto-vegetarian control group, who received 
no ferrous sulphate, had a very low negative rate of change of h,-emoglobin growth rate. Their haimoalabin level 
increased at a slow, nearly constant rate, whereas in other groups the greater part of the increase occurred in the 
first four months of the experimental period. i e i e usuurreu m xue 
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The hcemoglobin change of the last two months . — ^Tlie haemoglobin level, after rising steadily 
for the first four months of training, often fell slightly during the last two months, especially 
if a value over 16 g, had been reached. Table V shows the mean haemoglobin change between 
four and six months of all men who had had no illness (other than common cold) during 



10 12 14 16 18 20 


Haemoglobin level, g. per 100 ml. 

Gbaph 3. — Tlie haamoglobin distribution on rccniitment and after six 
months’ training of men ■who received 6 grains of ferrous 
sulphate daily for the first four months of training (iron 
groups), and of men -who had no ferrous sulphate (control 
groups). 


their second three months of training. It will be seen that the ‘ iron groups ’ showed ^eater 
mean falls in haemoglobin level than the control groups, but analysis showed that this was 
due purely to their higher four-month haemoglobin level. 
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Table V. 

The mean hwmoglobin change between the fourth and sixth months of training of 
men of the different treatment groups. The men of the ‘ iron groups ’ 
had received 6 grains of ferrous sulphate daily ; the 
control groups had no ferrous sulphate. 


Diet. 


Ikon groups. 


CONTKOI. GROUPS. 

Number of 
cases. 

Hb at 

4th month. 

r 

Mean change 
4-6 months. 

Number of 
cases. 

Hb at 

4th month. 

V 

Mean change 
4-6 months. 

Standard ration ... 

89 

16-28 g. 

-0-22 g. 

86 

15-84 g. 

-0-12 g. 

Extra meat 

92 

16-29 g. 

-0-19 g. 

92 . 

15-63 g. 

-f 0-15 g. 

Lacto-vegetarian 

S3 

16-15 g. 

-0-23 g. 

92 

15-65 g. 

4-0-02 g. 


Separate analyses of covariance were made for ‘ iron ’ and control groups, using the 4-6 months hajmoglohin 
change as dependent variate, and the 4-month hemoglobin level and hookworm load as independent variates. In 
neither class was there any significant dietary effect, so the diet groups were thrown together to give two classes — • 
‘ iron ’ and ‘ control There was no significant difference between these two (variance ratio 1'84, P : 0'18). 
Pinally, hookworm infestation was shown to he without effect. 

We conclude that at the higher hemoglobin levels (above 15‘7 g. on the average) some 
physiological readjustment resulted in a slight fall in the hsemoglobin level between the 
fourth and sixth months of training, whether ferrous sulphate had previously been taken or 
not". 

The effect of hookworm infestation. — ^Three-quarters of our subjects had hookworm in- 
festation of some degree, but it tvas only in the more under-nourished third that infestation 
was correlated with anaemia (Hynes, Ishaq, Morris and Verma, loc. cit.). During the six 
months of the present experiment we found that infestation had no influence on haemoglobin 
regeneration whether ferrous sulphate was given or not. j 


Table VI. 

The mean haemoglobin growth rates of men of the iron and control groups with 
different hookworm loads. The adjusted values tvere obtained 
by the analysis of covariance. 


Hookworm load. 


IRON 

GROUPS. ^ 

Hr growth rate. 


CONTROL GROUPS. 


r"' 

Number 
of cases. 

Initial 
Hb levc 

t 

Number 
of cases. 

Initial 
Hb level. 

Hr growth bate. 

Observed. 

Adjusted. 

Observed. 

Adjusted. 


76 

14-83 g. 

0-47 g. 

0-54 g. 

56 

14-69 g. 

0-43 g. 

0-45 g. 

Verj’ light 

114 

14-57 g. 

0-51 g. 

0-51 g. 

83 

14-60 g. 

0-43 g. 

0-43 g. 

Eight 


14-40 g. 

0-60 g. 

' 0‘56 g. 

45 

14-45 g. 

0-41 g. 

0-43 g. 

Moderate ... 

65 

14-40 g. 

0-60 g. 

0-57 g. 

47 

14-82 g. 

0-38 g. 

0-42 g. 

Heavy 

26 

U--27 g. 

0-60 g. 

0-53 g. 

11 

1.7-14 g. 

0-32 g. 

0-39 g. 

Reduced error mean square 

•• 

5-24G g. 



4-9291 g. 
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In the main analj'sis of covariance the regression function of hffimoglohin ‘ growth rate ’ on hookworm load 
did not differ significantly from zero (‘t’: 0-196). This presumptive evidence that the hookworm load did not 
influence hremoglobin regeneration was confirmed by anabasis of the limmoglobin ‘growth rates’ of recruits mth 
different degrees of infestation. Analyses of covariance were made using the haimoglobin ‘ growth rate ’ as 
dependent variate, and the initial hmmoglobin level, the height increase, and ‘ diet ’ as independent variates 
Approximate allowance was made for the effects of the different diets by assigning the arbitrary values J- 1 o' 
and — 1 to the extra meat, standard ration, and iacto-vegetarian diets re.speetively. Separate anah'ses were made 
for the ‘ iron ’ and ‘ control ’ groups, but neither yielded a significant variance "ratio. 

In a similar fashion we showed that the rate of change of Inemoglobin ‘ growth rate ’ was not influenced by 
the hookworm load, whether ferrous sulphate was given or not. 

The effect of intercurrent infections . — We were able, from our regular two-monthly blood 
counts, to assess the effect of intercurrent infections on htemoglobin regeneration Most 
of the subjects considered here were in hospital for less than three weeks, and we have 
excluded all who were in hospital for more than four weeks. 


Table VII. 


The mean hcemoglohin change {g. fer 100 ml.) during the Iwo-month 
period in which various infections occurred. 


Disease. 

Ikok 

GROUrS. 

CoxTRor, 

GROUPS, 

Number of Hb 

eases. change. 

2^iiiiiber of 
cases. 

Hb. 

change. 

‘ Common cold ’ 

56 

0-88 g. 

50 

-f 0-47 g. 

Malaria 

17 

-1- 0-21 g. 

18 

- 0-2S g. 

‘I.A.T.’* 

13 

- 0-03 g. 

17 

- 0-lG g. 

Acute tonsillitis 

7 

- 0-33 g. 

1 

+ 0-10 g. 

Pneumonia 

... 7 

-f 0-U3 g. 

1 

+ 1-10 g. 

Dysenterj’' 

8 

-b 0-85 g. 

3 

+ 0-03 g. 

Childish fevers 

11 

+ 0-77 g. 

8 

-b 0-66 g. 

Error mean square 

... 

1-4547 

0-7406 


‘Infection of the areolar tissues. 


Table VII shows the mean htemoglobiii change in the two-month period in which various 
infections occurred. The figures for ‘ common cold ’ may be taken as a measure of the 
normal two-month haemoglobin increase, for these mild infections, lasting only two to five 
days, may be assumed to have had little or no effect on haemoglobin regeneration. 

fsoparatc analyses of the variance of the.se hemoglobin changes were made for both ‘ iron ’ and control groups 
(both gave a significant variance ratio), so that for each disease two ‘ t ’-tests gave probabilities for the significance 
of difTerenccs from the ‘ common cold ’ means. These two probabilities wore combined (Fisher, toe. cil., Sect. 
21.1) to measure the .significance of the effeet of the disease. 

Malaria and ‘ I. A. T. ’ (infection of the areolar tissues) produced a highly significant 
deprc-ssion of lia}moglobin regeneration, and acute tonsillitis produced a significant depre.ssion. 
The other diseases had no significant effect. 
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Malaria. —Mfxhrh had a measurable depressant action on haemoglobin regeneration, and 
in nearlj' half the cases a brief, promptly treated infection caused a fall in the htemoglobin 
in place of the airticipated rise during the two-month period in which the infection occurred. 
Two cases may be cited to show how great may be the effect of a malarial infection 
which the Indian regards as trivial. Both men remained well during almost the whole six- 
month training period, but during the last two weeks they suffered, from ‘ fever ’ every 
night. Neither reported sick nor asked to be excused his daily work. Their four hsemoglo- 
bin values, at two-month intervals, were : — 

15-0 g., 14-3 g., 15-0 g. and lO'D g. per 100 ml., and 
15-6 g., 15-9 g., 15-5 g. and 12-7 g. per 100 ml. 

In both the anaemia was normocytic and normochromic, and there was no bilirubinsemia. 
P. vivax were fairly numerous in the blood smears. 

‘ I. A. T.’ — ‘ Infection of tbe areolar tissues ’ is an official Army diagnosis covering a range 
of infections from simple whitlow to chronic nicer. These infections were usually almost 
healed within ten days, bnt they caused marked depression of liEemoglobin regeneration 
during the two months in which the)"^ occurred. 

Acute tonsillitis . — This is not usually a severe or prolonged infection, but it too had a 
very definite depressant effect on haemoglobin regeneration. 

Long-term effects . — Intercurrent illness did not usually cause any depression of haemo- 
globin regeneration, as measured by tbe haemoglobin ‘ growth rate ’ over tbe whole six- 
month period. The one significant exception was that men who had had malaria and had not 
received ferrous sulphate had a low haemoglobin ‘ growth rate ’ (0T7 g. per two months) 
compared with other groups. The men taking ferrous sulphate who had malaria had a normal 
haemoglobin ‘ growth rate ’ of 0‘55 g. per two months. 

The effect of adolescence . — ^These recruits proved unable or unwilling to give their ages 
with even approximate accuracy, so that our best available method of distingmshing between 
adolescents and adults was the increase in height during the six months’ observation. Using 
this criterion of age it appeared that the jmunger men were more anaemic than the older 
(Table VIII), and that anaemia in adolescents responded less completely to treatment than 
in adults. 

Table VIII. 

The hce7noglobin distribution on reentitment of recruits classified according to their 
height gain in the sribseqtient six months. 


Height gained 


Tsitiai. HA-.MOe.i.oms t.r.vr. 1 ., o./lOO ml. 



Kumber 

of 

cases. 

Mean. 

S.D 

inches. 

8-- 

9— 

10— 

11— 

12— 

13— 

14— 

15— 

IG— 

17— 

rVii I 

«.« 

... 

5 

9 

15 

33 

00 

30 

3 

150 

14-91 

1-.39S0 

0-2.7 

I 

3 

4 

0 

27 

50 

57 

16 


1(59 

14-67 

1-3705 

0-5 

1 

1 

C 


■21 

.34 

.34 

14 

4 

120 

14-50 

1-477S 

0-75 

... 

... 

4 

r> 

17 

24 

17 

7 

... 

7.5 

14-28 

1-3791 

1-0 

... 

... 

1 

o 

<5 

11 

(> 

1 

... 

25 

14-lS 

1-1180 

1-25 

... 

1 

3 

... 

4 

6 

3 

I 

... 

IS 

13-79 

1-64.50 

1-5 

... 

... 

... 

1 

3 


... 

... 

... 

6 

13-4S 

... 


The main analysis of covariance gave a significant negative regression function for h.-emor^iobin ' crowth rate ’ 
on height increase t ’ : 4-637), that is the more height a man gained, the les.s, relativelv, was bis gam in bromo. 
globin. The analysis of this effect rras complicated by a strong negative correlation between initial iuemoelobin 
cvel and the snbsequpt height increase. Tlie analysis of variance proved that tbe difference.? in initial haimoSlobin 
level m different height-increase groups were highly significant (the residua! mean square was 1-9030 b.I Jifdninu 
by fluctuations in the heights of indinduals measured at two-month intervaLs a height gain of 0-25 mehes mav 
only postural, but greater gaiw in Iicight must be regarded as genuine growth, and were associated with simi^cantlv 
low values for tbe hsemogiohin level on recruitment. ‘“'•u "un signincantly 
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Other measurements. 

All types of anaemia appeared to respond equally well, and as tlie hfeinoglobin level rose 
the various red cell measure moved towards the ‘ normal ’ values of men with 15 g. haemo- 
globin or over. 

Bed cell counts . — The red cell count is of course strongly correlated with ,the haemoglobin 
level, but Table IX shows that at equivalent haemoglobin levels there was no significant 
difference in the red cell counts of ‘ iron ’ and control groups. 


Table IX. 


The distribution of the red cell count and hcemoglobin level in 

month's' service. 

recruits after six 

Red cell count — m/cu.mm. . 

Number 

Hb level. Group. 

of Mean. S.D. 

cases. 

4-0- 4-5- 5-0- 5-0- 6-0- 6Tj- 



12 g. ...- 

Control 


... 

1 

2 

... 

... 

... 

3 

.5-00 

... 

Iron 


... 

... 


... 

... 


... 

... 

... 

13 g. .... 

' Control 


2 

5 

4 

1 

... 

... 

12 

4-99 

0-2347 

Iron 


... 

... 

... 

... 

... 


... 

... 

. 

14 g. ... 

Control 


... 

1 

19 

4 

... 

... 

30 

5-14 

0-2566 

Iron 


1 

13 

II 

1 

... 

... 

26 

4-93 

0-2911 

15 g. 

Control 


... 

17 

61 

7 



85 

5-14 

0-2332 


Iron 


... 

27 

86 

12 

... 


12.-5 

5-12 

0-2211 


Control 



5 

48 

30 

1 


90 

5-40 

0-2648 

16 g. 

^ Iron 



9 

8.3 

34 

1 


127 

5-31 

0-2449 


Control 




7 

11 

3 


21 

5-61 

0-2816 

17 g.- ... 

Iron 


... 

... 

12 

23 

9 

... 

44 

5-66 

0-3128 

18 g. ...- 

Control 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

Iron 





1 

2 

1 

4 

6-40 



Mean corpuscular volume . — Table X shows the IMCV (mean corpuscular volume) 
l)ution of recruits of the ‘ iron ’ and control groups. Analyses of variance showed that in the 
‘ iron ’ groups the MCV at the end of the experiment did not vary significantly with 
haemoglobin level, but in the control groups the MOV was very significantly subnormal in 
men with less than log. haemoglobin per 100 ml. 
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Table X. 

The disiribniion of the mean corpuscular volume and hemoglobin level in recruits 

after six months’ service. 


irUA-TS: CQK.rUSCUM.B VOLDSIE. 

Number 


no leveu uroup. 

80- 

83- 

90- 

95“ 

100- 

“ Oi 

eases. 



( Control 

1 

2 




3 

84-67 


12 e. 

[ Iron 



... 

... 

... 

... 

... 

... 

f Control 


G 

4 

o 


12 

S9-.i0 

3-4245 

13 g. ... J 

\ Iron 

... 

... 

... 

... 

... 


... 


f Control 
-llron 

3 

11 

11 

3 

1 

29 

89-45 

4-4286 

1 

9 

10 

4 

... 

24 

90-50 

3-8785 

( Control — 

2 

1.-) 

33 

21 


71 

92-11 

3-92-26 

15 E. ... 1 

( Iron 

1 

30 

34 

21 

4 

90 

■ 91-89 

4-0709 

f Control 

1 

10 

21 

13 

3 

48 

92-94 

4-5961 

16 s, & over *! 

i Iron 

4 

20 

34 

28 

3 

89 

92-49 

4-2456 


Mean corpuscular hcemaglobin concentration. — ^The M'CHC distributions in the ‘ iron ’ and 
control groups at the end of the experiment ate shown in Table XI. In the ‘ iron ’ groups 
the MCHG did not vary significantly with the heemoglobin level, but in the control groups 
hsemoglobin values below 15 g. were associated with very significantly low MCHC’s. 

Table XI. 

The distribution of the mean corpuscular heemoglobin concentration and heemoglobin 
level in recruits after six months’ service. 


MCHC rEB CEST. 


Number 


Hb level. 

Group. 

26- 

28- 

,30- 

.32- 

34- 

36 

- 

of 

cases. 

3Iean. 

•s.n. 


Control 

1 

1 

I 





3 

29-17 


12 g. ... 













Iron 


... 

... 

... 

... 

- 


... 

... 


13 g. ... - 

Control 


2 

4 

5 

... 



12 

31-08 

1-7299 


Iron 



... 

... 

... 


.« 

... 

... 

... 

14 . . 

Control 


3 

12 

13 

... 


I 

29 

31-81 

1-3655 

i Iron 



9 

11 

3 


I 

24 

32-79 

1-3345 

Control 



19 

45 

7 



71 

3-2-87 

0-9708 


. Iron 



17 

58 

1.5 



no 

32 -.09 

1-07.31 

Ifi g. & over- 

Control 



1 

3.5 

6 


• 

48 

33-02 

1-0313 

— 

i Iron 


... 

s 

64 

15 


2 

S9 

33-30 

1-1888 
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Serum-protein level. — At tlie end of the experiment there were no significant differences 
in the serum-protein levels of the different treatment groups, and the serum-protein level was 
not significantly correlated with the haemoglobin level {‘ r ’= -f 0’057, ‘ t ’ : 1-360, P : 0-17). 

We have shown elsewhere (Hynes, Ishaq and Morris, loc. cit.) that the mean serum-protein 
level of recruits is above that of trained soldiers. Table XII shows the serum-protein level 
distribution of our recruits after six months’ training compared witlz that of trained men of 
the same unit with over one year’s service. The recruits’ mean did not differ from that of 
trained soldiers, but the recruits’ values were spread over a wider range. That this is a 
significant difference is proved by comparing the two standard deviations (‘ z ’ : 0-2792, OT 
per cent value 0‘2685). 


Table XII. 

The distribution per cent of the serum-protein 
level in recruits after six months’ service 
and in trained soldiers. 

(Calculated from the serum specific gravity.) 


Serum 

specific 

gravity. 

Serum 
proteins, 
g./lOO ml. 

Recruits. 

Trained 

soldiers. 

1,023 

5'7 

0-5 

* • • 

1,023-5 

5-9 

... 

... 

1,024 

0-1 

1 

... 

1,024-5 

6-2 

9 

1 

1,025 

0-4 

9 

9 

1,025-5 

0-0 

12 

11 

1,020 

0-S 

22 

30 

1,020-5 

7-0 

20 

20 

1,027 

7-1 

IS 

10 

1,027-5 

7-3 

7 

C-5 

1,028 

7’j 

0 

... 

1,028-5 

7-7 

2 

1 

1,020 

7-8 

0-5 

... 

Number of case 
3Iean ... | 

S.D. ... 1 

'S 

^ gravity ... 

[ protein ... 

( gravitj' ... 

( protein ... 

500 

1,020 -.35 

6-89 

0-9500 

0-3445 

90 

1,020-25 

0-80 . 

0-7238 

0-2000 


Discussiox. 

Tliera is little doubt that malnutrition is the primary cause of the anaemia of the poor 
Indian. The anaemia is commonly ascribed to the outstanding deficiency of protein, and 
especially of animal protein. Even a light hookworm infestation will appreciably add to the 
anajmia of an under-nourished man, and malnutrition and multiple vitamin deficiencies lower 
his resistance to infections which still further depress his haemoglobin level. Finally, 
nralaria is a mo.«t potent cause of anreinia whenever the Indian leaves his village and meets 
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new strains of the paiasile, and probaldy even in his home chronic malaria contributes to 
his anajinia. 

This experiment has shown that the recruits’ ansemia is cm’ed by an adequate diet 
quickly if a little ferrous sulphate is given for a few weeks, more slowly if it is not. Our data 
supply no evidence as to what fraction or fractions of the Army diet cure the ansemia, 
but the relatively high protein content must be of great importance. Whipple, by his 
experiments on dogs, has shown that hsemoglobin .svnthesis demands an adequate supply 
of protein as well as of iron. 

We showed in our preliminary communication that the ansemia of these recruits was 
nearly always associated with hffiinatological signs of iron deficiency, so that to cure the 
ansemia a diet must supply enough iron not only to form some two or three hundred grammes 
of new hsemoglobin, but also to correct a long-standing iron deficiency. The Army diet does 
not supply enough iron for these purposes in six months, and the iron deficiency may per- 
sist even longer. For example, we found three cases of mild iron-deficiency ansemia amongst 
90 unseleoted junior Indian N.C.O.’s who had worked for nearly two years in the Training 
Centre, where the diet is uniformly good and the standard of hygiene high. 

Even the more severe grades of ansemia were completely cured by a daily dose of 3 
grains of ferrous sulphate for four months. A dose of 6 grains daily for two months did not 
cure the more severe ansemia s, but this dose for four months had no advantage over one of 
three grains. It may reasonably be objeeted that it would be more economical to give a 
therapeutic dose of iron for a shorter period, for even at the lower dosage level each man 
received 336 grains of ferrous sulphate. The advantage of the prolonged small dose is that 
unlike a therapeutic dose, it produces no untoward symptoms whatever, and this is of 
considerable importance in mass therapy. In the Army, at least in war time, mass therapy 
must be used, for it is quite impracticable to estimate the haemoglobin level of every recruit, 
and clinical judgment is a most uncertain means of detecting ansemia in the young Indian. 

There was little difference in the hsematinic value of the three diets, but the diet in 
which meat was replaced by a very generous allowance of tinned milk proved least effective, 
and Ihe diet giving five times the Army scale of jneat proved most effective. 

There are two possible explanations for the relatively poor hsematinic value of the milk 
diet. Firstly, it has been established that a high calcium diet very definitely impairs iron 
absorption, and we have shown what a large part iron deficiency played in the ansemia of 
these recruits. Secondly. Whipple has shown, by experiments on grossly protein-deficient 
anaemic dogs, that milk compares badly with meat in haematinic value. We know very 
little of these haematopoietic factors associated with protein and the vitamin B complex. 
It is impossible to say whether impaired iron absorption or lack of other haemopoietic factors 
was responsible for the poor heematinic value of- the milk diet in this experiment. 

From the point of view of the haeniatologist, the trivial, even doubtful, benefit from a 
great increase in the meat content of the Army diet is certainly not sufficient to justify any 
attempt to increase the meat ration in a country with such inadequate resources as India. 

A small part of the rise in the recruits’ haemoglobin levels was due to the greater altitude 
of the Training Centre (1.700 feet above sea-level) compared with their homes, which were 
in areas less than 600 feet above sea-level. The haemoglobin increase in men whose initial 
haemoglobin level was 16 g. per 100 ml. or over was probably entirely due to this cause. The 
mean increase in six months, from 16-44 g. to 16-84 g., was in reasonable agi-eement with 
Fitzgerald’s law which postulates an increase of about 2-8 per cent in the haemoglobin level 
for every 1,000 feet increase in altitude. 

Hookworm infestation became of absolutely no importance when these recruits were 
placed on an adequate diet. Chandler (1927). in his classical survey of hookworm infesta- 
tion in India, said of the races from which these recruits were drawn, " There is jirobably more 
injurious hookworm infestation in South India than in all other parts of India combined '. 
He also, of course, stressed that even in this part of India only rare and exceptionally hea\w 
mfestatious will produce amemia in the absence of other causative factors, of which malnu- 
trition is the most important. In our prehminary survey of these recruits we found that it 
was only in the more under-nourished minority that infestation was correlated with amemia. 
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During six inontlis’ qljservation we Iuia^c further found tliut young men even from this most 
heavily infested part of India are quite unaffected )jy hoolovonhs when they are given a 
good diet. Whether they received iron or not, tiie antemia of men witli even quite heavy 
infestations improved as quickly as that of men whose infestation was inapparent. It is 
the custom in the Indian Army to worm all recruits, but in view of our findings it would 
appear difiicult to justify this procedure unless it is postulated that hookworms may produce 
ill effects other than anaemia. 

We found that three diseases, malaria, septic infections of the areolar tissues, and acute 
tonsillitis, Avere prominent in their adverse effect on haemoglobin regeneration. Of these 
the first two at least must be important in the aetiology of anaemia in rural India — malarial 
infection is nearly universal, and few recruits cannot show scars to mark the site of a chronic 
ulcer or whitlow. When men leave their homes to find employment in the Army or coolie 
gangs, malaria in particular becomes of outstanding importance. 

We may conclude by re-emphasizing the benefit to the recruit of reinforcing a good diet 
with iron therapy. Three grains of ferrous sulphate daily for four months is enough, and an 
even smaller dose might suffice. The control of ansemia is only one of many reasons for the 
strict control of malaria in the Arm 5 q but we have shown that the seeming inpiortance of 
hoolvW'orm infestation may easily be exaggerated when the diet is adequate. 

Summary. 

1. An account is given of an experiment on nutritional anaemia in 800 Indian Army 
recruits. 

2. All anaemia improved under the influence of the Army diet, biit without iron merli- 
cation the severer cases of ansemia were still not cured after six months. 

3. A daily dose of 3 grains of ferrous sulphate cured all ansemia in four months. A daily 
dose of G grains did not cure the severer grades of anaemia in two months, and when given for 
four months was not more effective than a daily dose of 3 grains. 

4. Three diets were tested, identical in composition with the standard Army ration 
except in their meat and milk content. 

5. A lacto-vegetarian diet giving 54 ounces of milk a day was definitely inferior, judged 
by the haemoglobin response, to a diet giving 10 ounces of meat daily. 

G. By the same criterion, the diet giving 10 ounces of meat daily was little if at all 
better than the standard ration diet giving 2 ounces of meat daily. 

7. Hookworm infestation did not interfere with haemoglobin regeneration whether 
iron was given or not. 

8. Malaria, septic infections of the areolar tissues, and acute tonsillitis .significantly 
depressed haemoglobin regeneration. 

9. Recruits who gained in height during the experiment had a relatively poor haematol- 
ogical response. 

Our thanks are due to the D.M.S. in India for permission to publish this paper ; fo Mr. 
0. K. Dilwali, Statistical Officer (Research), General Headquarters, India, for his invaluable 
advice upon the planning of the experiment and the statistical methods used in the analysis , 
and to Lieut. -Colonel G. M. Holland, Commanding No. 3 Training Battalion. Indian Pioneer 
Corps, and his officers, for their help and co-operation. 
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Owintr to tlie^bsence S am'- unit for expressing the vitainin Bi potency at that time, these 
Sgatits d?d n^^^^ '^tamin content at mdiindual foods 

The other investigation! on the vitnwin Bj content of Indian foo J are those of Ghosh and 
iuhrflQSS 1931) Wilson, Ahmad and Guha (1937), Aykroyd, 

Sundararajan (1940), Passmore and Sundararajan tl941) Sirammathan (194-4), Bladha . 
Bao, Rainachandran and Rao (1942), and Bhagvat (1943). 

Ghosli and Guha {he. eit.) and Wilson ei al. {loo. cit.) assayed about 30 to 40 foods usin^^ the 
rat-«rovth method and compared the potency of test substances with that of the i^^^erna ion 
titamiii B, standard. Aykroyd et al. {he. cit.), Swaminathan {/ec. c?f.) Madhava Bao et a? 
Hoc cit ) and Bham-at {he. cit.) using modifications of the thiochrome method of Jansen (1936) 
assayed the thiamin content of 30 to 40 foods. All these investigations have covered only 
about 50 foods, including many cereals and pulses, a few vegetables fruits and fish. Ro data 
are available for the %dtamin Bi content of many common nuts and oil-seeds, vegetables and 
fruits. The present work was undertaken to fill this gap. The vitamin Bi content of about 
150 common Indian foods is recorded in this paper. These include the data published already 
by the author for about 30 foods (Swaminathan, 1942(i. 19426). 


Method used. 

The method prei’iously published by the author (Swaminathan, l942a) with some modifi- 
cations was followed in the present studv. The modifications consisted of : (?) enzymic hydro- 
lysis of any phosphorylated vitamin B^ present in extracts of foods of vegetable origin using 
takaphospiiatase present in takadiastase (although thiamin exists mostly m the free form 
in foods of ve'^etable origin, the absence of phosphorylated thiamin m these foods has not yet 
been definitely established : hence this step was included for all foods), {ii) the use of iso-_amyl 
alcohol instead of iso-butvl alcohol (as iso-butvl alcohol was not available) for prelirmnary 
washing of the extracts and for the extraction of the thiochrome. and (m) the determina- 
tion of the thiochrome by vi.siial compari.son acconling to the technique of Harris and 
Wang (1941). 

Results. 

The results are given in Table I. The values recorded in this paper for Indian foods 
correspond fairly closely, with those reported by Leong (1940) for Itfalayan foods, by Harris 


T.\nLE I. 

Vitamin Bj {thiamin) content of foods. 




Vitamin B, 

Common English imme. 

Bolauic.al name. 

(microgram 
per gramme). 

Cf.i’.e.ci.s .\ki) Cebe-vl PRonrcTs; 



Ihirlcy, whole 

Hordeiim vulgarc 

4-.'. 

Barley, pearl 

ff 


Italian millet 

Setaria It<jliea 

5-1 
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Table I — conid. 


Common English, name. 


Vitamin B, 

Botanical name. (microgram 

per gramme). 


Boots and tl'bdbs : 


Beet root 

Beta vulgaris 

0-J 

Carrot 

Daucus carola 

0-4 

Colocasia 

1 

Colocasia unliquorum 

0-!i 

Onion, big 

Allium cepa 

0-S 

Onion, small 


0-7 

Parsnip ... 

Pastinaca saliva 

0-G 

Potato ... 

Bolanum tuberosum 

1-2 

Kadish, white ... .... 

Bapkanus sutivus 

0-6 

Eadish, pink 

9i 

0-5 

tsweet j)otato, pink ... 

1 pomocu batatas 

0-S 

Tapioca, dry 

21anihol tttilissimu 

0-6 

Other vegetables ; 



Asli gourd 

ccrifcra 

0-4 

Bitter gourd 

Momordica charantia 

1-8 

Brinjal ... 

Bolanum melongena 

O-o 

Broad beans 

Dolichos lablab var. tignosas 

0-S 

Cauliflower 

Brassica olcracca botrtjtcs 

1-0 

Cow pea, green and tender (with 
pods). 

Vigna catiang 

1-2 

Cucumber 

Oucianis salivas 

0-3 

Drumstick 

Moringa ohijera 

0*5 

Trench beans 

Pkaseolus vulgaris 

0-8 

Indian gooseberry ... 

Phyllanllius emblica 

0-3 

Jack, tender 

Artocarpas integrifolia 

O'o 

Knol-kliol 

Brassica ohracca caulorapa 

o-j 

Ladies linger 

Hibiscus csculcnius 

0-G 

Mango, green 

Mangifcra iudica 

0-4 

Papaya, raw 

Carica papaya 

.0-3 

Potola gourd 

Trichosanthes dioica 

0-4 

Peas, green 

Pisum .'■alirum 

2-5 

Plantain Honor 

Musa paradisiaca 

0*5 

Plantain, green 

?» 

0-4 

Plantain stem 

99 

0-2 
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Table I — could. 




Vitamin B, 

Common English name. 

Botanical name. 

(microgram 
per gramme). 


Othee vegetables : — contd. 


Pumpkin, yellow (ripe) 

... CitcurbiUi maxima 

0-6 

Snake gourd 

... Trichosanthes anguina 

0-4 

Sword beaus 

... Canaralia ensiformis 

0-S 

Tomato, green 

... Lycopersicum cscidettliis 

O-o 

Turnip, white 

... Brassica rapa 

0-4 

Water chestnut 

... Trapa bhpinosa 

0-5 

Pbuits : 

Apple 

... Pyru^ imtUts 

0-4 

Banana ... 

... Musa unpiuitum 

0-4 

Dates, preserved 

... Phasnix daclylifera 

0-S 

Grapes ... 

... I'lVis viiiifira 

0-4 

Grape fruit 

... Citrus grandis var. iiiiixirim 

0-3 

Guava 

... Psidium gugaia 

0-3 

Jack fruit 

... Arlocarpus integrifoUa 

0-3 

Le^on juice 

... Citrus medica var. limonum 

0-2 

Lime juice 

... Citrus mrdka var. uetd 

0-3 

Mango, ripe 

... Mangifcra indica 

0-4 

Orange juice 

... Citrus aiirantium 

O-o 

Papaya ... 

... Curica p'lpaija 

0-4 

Peaches, white 

... Amygddlis psrsiat 

0-3 

Pears, country 

... Pyrus cominuui'^ 

0-3 

Pears, English 

... Pyrus achras 

0-3 

Plantain, ripe 

... J/if'a paradisiacu 

O-.j 

Plums 

... Primus domc-lica 

0-3 

Pomelo ... 

... Citrus dccumana 

0-3 

Baisins (preserved) ... 

... Vtlis vinifera 

0-G 

Strawberry 

... Fragaria grandijiora 

0-3 

Tomato, ripe 

... Lycoptrsicum cscuhntum 

O-o 

Tamarind, raw, frvsli 

... Tamarindus indicus 

0-3 

Tamarind (preserved) 

jy 

0-(i 

Water melon 

... Ciirulhis vulgaris 

0-3 


( 293 ) 


Table I — concld. 


Common English name. 


Botanical name. 


Vitamin 
(microgram 
per gramme) 


illlLK AXn EfH.S : 

3tilk. cow’.s 

Milk, buffalo’s 

?iliik. CTaporated 

Milk, s^veetened condcii'.ed 

Whole-milk powder 

Skimmed milk poA^det 

Eggs, whole, hens’ 

Eggs, whole, ducks' 
h'r.Ksn FOOD : 

Beef (muscle) 

Fish, specimen 1 
Fish, specimen 2 
Fish, specimen 2 
Fish, specimen 4 
Fish, specimen ."i 
Liver, sheep 
Mutton (muscle) 

Pork (muscle) 

Misceixaneovs : 

Betel leaf 
tsago 

Jaggery (palmxra) ... 

Jaggery (sugarcane) 

Yeast, dried, baker's 

Yeast, dried, brewer's 1 

Yeast, dried, brewer’s 2 

Yeast dried, brewer's 3 

Yeast dried, brewer’s 4 

‘ Food ’ yeast, dried (grown in 
molasses-salts medium) : 

Sample 1 

Sample 2 

Sample 3 

Yeast, dried, di'-tilli-ry, sample 1 
Yeast, dried, distillery, sample 2 
* Marmite ’, an \east e.vtract 
’Vegnmitc’, an \ east extract ... 


0-4 

0-4 

0-S 

0- C 
2-0 
3-2 

1- 3 
1-2 



1-4 


O'S 


I'O 

{(Jalla catla) 

O'S 

{Laheo rohita) 

O'O 

{Xolojdrrus chitnht) 

^ !•- 


•J'G 


I'G 


7‘8 


0'-7 

(hi 

0-2 

0-2 

22'o 

42-1 

4j-S 

.30-4 

33-5 

Tonda nlilis 

33'.) 

28-4 

.32'.'5 

10-4 

10-8 

> 13-0 

38-0 
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and Wang (loc. cit.) for Englisli foods, by Wunsell (1943) and Lane, Jolinson and Williams 
(1942) for American foods. . ' 

Tile results sliow that vitamin Bj is fairly n'idely distributed in many natural jirodiicts. 
X summary of the results is given lielow : — 

• Ccrea/s.-- Whole cereals rank first, as all authorities agree, as the most important source 
of vitamin in human diets. Whole ivheat, unmilled rice, whole barley, oats, and the common 
millets, e.g. cambu [Peniiiseltmiiy-pliodeuni cholam (Soyylium vvlyare pers.). ragi (Bleii- 

si'iie coracaiia Giertn.) and Italian millet, contain from 4 to 5 micrograms of thiamin ])er gramme. 
The vitamin Bi content of milled cereals, e.g. milled rice, or white flour, depends upon the 
degree of milling to which these products have been subjected and also whether the rice is 
parboiled or not. A point of great practical importance is that parboiled mlkd rice is u yood 
source (2 to 2‘5 microc/rams per fframiue) conl7'ast to rate milled ncc vhieh is a poor source 
(0-8 to 1 microgram per gramme). These results are consistent with the fact that beri-heri as a 
public health problem occurs onlv among poor people consuming raw milled rice (Aykroyd 
et al. loc. cit.: Swaminathan. 1942c). Certain other highly milled cereals, e.g. refined wheat 
flour (white flour), pearl barley, and refined corn flour, are also poor sources of this A-itamin. In 
this connection it is of interest to record that Aykro)*d (1930) has reported that beri-heri 
occurred among fishermen in XeuToundland and Labrador, consuming a diet largeW composed 
of refined wheat flour. 

Sixteen ounces of a whole cereal will supply about 1,500 to 2,200 mierograms of thiamin, 
whereas a similar quantity of a milled cereal will provide only 400 to 500 micrograms. 

Pulses . — Dried pulses are good sources of tlviamm. containing about 4 to 7 mierograms 
per gramme. A daily intake of 3 to 4 ounces of pulses will provide about 400 to 700 inicro.- 
graras of thiamin. 

Nuts and oilseeds . — Nuts and oil-seeds are in genera] good sources of thiamin, Gingelly 
'seeds and pea-nuts are the richest, containing 10 and 8 mierograms per graimne. Pistachio, 
walnut and cashew nut arc also good sources containing about 6 to 7 mierograms per gramme. 
Fresh coco-nut is a poor source (IT microgram per gramme). Two ounces of gingelly seeds 
or ground-nut will supply about 400 to 500 mierograms of thiamin. 

Vegetables . — Vegetaljles iu general (uith the exception of green ])eas,- and other green 
legumes) are poor sources of thiamin containing from OT to 1 microgiam per gramme. Green 
peas are good sources (3 mierograms per gramme). Green leafy vegetables, roots and tubers 
are in general better sources than other vcgctablc-s, e.g. gourds, etc. In general on account 
of their liigh water content and great bulk vegetables arc not important diotar}- sources of 
thiamin. 


Fruits . — ^Ifriiits are poor sources of thiamiu, containing from 0'2 to 0‘8 microgram per 
gramme. Four ounces of fruit.s will supply only 30 to 80 mierograms of thiamin. 

Milk and, eggs . — ^Fresh cow's and buffalo's milk are fair sources, containing about 0'4 to 
0'5 mierograms per gramme. An intake of Ifi ounces of milk will supply almut 200 to 250 
mierograms. lifilk is an important source of thiamiu in the diet of children. Eggs arc also 
fair sources. 


Flesh foods . — Among flesh foods, lean pork is the richest source containing about 7 micro- 
grams per gramme. Liver ranks next in order of merit, rvith a value of 4 to 5 mierograms. 
Jfeat and fish are fair sources. Four ounce.s of lean pork will supply about 700 to 800 micro- 
grams of thiamin, while a similar quantity of meat or fisli will provide onlv 100 to 120 
mierograms. 


Dried jfeus/.— Dried yeast, though not a common article of food is a valuable suiiplcment 
to the human dietary as a source of vitamin B complex and protein. Hence it Ava.s^ tlimmht 
of interest to assay yeasts prepared under different condition.s. Dried brewer's veastand food 
yeast (Toritla ulilis grown in molasscs-salts medium) arc good sources contamino-'froiu 25to 4(1 
mierograms per graumie. Daily intake of 1. ounce of dried food yeast will sumilv ahnU 7nn 
to 1,200 imcrogtams. Distllletv j-MSt, o by-product in the manufacture of reSed Sit h 
only a fair source containing 10 to 12 mierograms per gramme. 

( 29.5 ) ■ 



Vitamin hy requirements amt impo}-tant food sources of vitamin Bi. 

According to the Food and ISTiitrition Board of the National Kesearcli Council, U.SA., 
the human requirements of vitamin are as follows ; For adult males I’S mg. to 2'3 mg. ; 
for adult females 1'2 mg. to I'S mg. ; for pregnant and mirsing women 1*8 mg. and 2*3 mg. ; 
for children, ranging from 0*4 rag. for those under one year to 2*3 mg. for hoys between 14 and 
18. It will be of interest to know the important sources of thiamin in a well-balanced diet for 
adults. Table II shows the composition of a well-balanced diet (Indian) for adults and the 
quantity of thiamin derived from each grouj) of foodstuffs. It is evident from the table that 
whole cereals and qnilses are the most important source of vitamin Bj in the Indian diets. 


Table II. 

The contribution of vitamin Bi by different grouqys of 
foodstuffs to a well-balanced diet for adults. 


!Naiiie of foodstuff. 

Quantity 
(ounces) 
per da 3 % 

Vitamin Bi 
(microgram). 

Whole evreah : 




Unmillcd rice, -whole wheat, or millets 

1C 

1,200 to 1,800 

Pulses : 




Bengal gram, green gram, or red gram 
or massur dhal. 

31 

400 to 

700 

VcgcUtbles : 




Orcen leafy 

-1 

40 la 

60 

Noiidcaly 

•1 

50 to 

100 

Fruits : 




Tomato, orange, etc. 

•1 

40 to 

GO 

Milk : 




Cow’s, whole ... 

1C 

200 to 

250 

Meal 

1 

100 to 

1.51) 

or 


(Pork 700 to 800) 

Fish 

4 

SO to 

100 

av 




E(j<j (one) 

U 

60 to 

SO 


Summary. 

1. The vitamin Bi content of about 150 conomon Indian foods has been determined by 
the thiochrome method. 

2. Of the foods tested, dried brewer's yeast, rice polishings (from raw paddy) and wheat 
germ are rich sources of thiamin. 

3. Among the cereals, whole cereals, e.g. whole wheat, millets, whole barley, unmillcd 
rice and oats, are good sources containing 3 to 4 times as much thiamin as milled cereals, e.g. 
white flour, pearl barley and raw milled rice. Parboiled milled rice contains two to three 
times as much tiiiamin as that present in raw milled rice. 
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4. All dried pulses are good sources of tiiianilu. I'lie comluoii imts and oil-seeds ('witli 
the excej)tiou of coco-nut) are also rich sources. 

5. Cow’s and buffalo’s milk, eggs and flesb foods are fair sources ; lean pork is a rich 
source. 

6. Fresh vegetables (vitli the exception of green peas) and fruits are poor sources of 
thiamin. 


The author desires to thank Professor G. Sankaran for his interest in this work. 
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TOXIC EFFECTS IN GUINEA.:P1GS OF DIETS CONTAINING 
LANGE PROPORTIONS OF LATHYBTJS SATIYUB. 

BY 

KAJIALA BHAGVAT. 

{From the Nntritioi Research Laboratories. I. R. F. A.. Coomor.) 

[Received for publication, June 24, 194fi.] 

The disease known as latliyrism lias long been ascribed to tbe consumption of the seeds 
of Latliyrus saiivus or ‘ kliesari ’ in large quantities for several months. Outbreaks of lathy- 
rism have occurred in India from time to time ; a good review on the subject is found in a 
recent paper by Shouiie (1945), who carried out, on behalf of these Laboratories, an investi- 
gation on latliyrism during the ]944'-15 outbreak of this disease in Bhopal , State. The results—' 
reported by Shonrie {he. cii.) point to the existence of a toxin in latliyrus seeds, which was 
sugge.sted to be responsible for producing lathj'rism in man. The mode of action and the 
nature of the toxin arc not known. It was felt to be of interest to study this problem with 
guinea-pigs as test animals. It was proposed to put them on diets containing large propor- 
tions of khesari gram, obtained from those villages in Bhopal State and the Central Provinces 
where cases of latliyrism had occurred, with a view to attempt to induce in them a condition 
resembling human 'latliyrism. .Some years ago. feeding te.sts \nth pure stocks of khesari and 
that of ‘ acta ‘ { Vida satira ) had been carried out in these La boratorics with rats as test ammals 
(NeCarrison, 1927; M'cCarrison and Krishnan, 1994). No deleterious effects could be 
demonstrated in the.se .species of .-inimals as a result of feeding them on diets consisting largely 
of these two .seeds. Contrary to those findings, Geiger. .Steenbock aiid Parsons (1939) and 
Lewis and Ifsterer (1 94.3) reported to iiave produced latliyrism in rats. The species of 
lathyrus seeds used by these authors, however, was the Lalhijrus oduralus and not 
Lathyrus sativiix. Certain .Spanish workers (Jamcnez. Vivanco and Castro, 1943 ; Aldama- 
Truchuelo and Mateo. 1944) have reported production of a neurological syndrome in 
rats (resembling latliyrism in man) fed solely on chick peas {Lathyrus sativus). IVhile. 
Anderson, Howard and Simeiisen (1925) observed no deleterious effect in monkeys 
and ducks resulting from the use of khesari as food for these animals ; acta, however, 
produced in monkeys symptoms similar to those observed in cases of human latliyrism. . 
These conflicting findings are hard to explain. 


Excerimext.xl. 

The seeds of Lathyrus salivas or khesari were obtained from Bhopal .State and Central ' 
Provinces through the kindness of the Medical Officer. Bhopal .State, and the Director of Public 
Health. Central Provinces and Berar. re.spective]y. The samples which m ere reported to he 
free from Vida .‘fatira L. (acta) were collected from villages, in which cases of Inthvrism had 
occurred. 

First experiment . — Male guinea-pigs weighing from 450 g. to 500 g. were used as 
e.xperimental animals. They were kept on the laboratory stock diet rich in all the 
vitamins for a week and then put on the experimental diets. Two such diets were used 
one consisting of coarsely powdered dry Bengal gram and the otlier coansely powdered 
khesari gram. The animals receiving the Bengal gram diet served as the control, 
since this diet has been .shown (Bhagvat and Rao. 1942) to be adequate for the promotion 
and maintenance of growth of miinea-pigs. The composition of these diets is i^iven 
in Table I. 

The diets were moistened with water and given in the form of balls. M'ater was provided 
for drinking. Each animal was given a daily .supplement of 5 mg. of ascorbic acid. Tlie 
emeriment was repeated in two separate batches, each batch consisting of 20 miinca-pit^.s 
They were divided into two groups, one receiving the Bengal gr.am diet and the other the 
khesari gram diet. ' 
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Table I. 


Coiiijposilion of tlie cxjiermicntal diets. 


Components. 

Diets. 

Bengal gram 
parts. 

Khesari gram 
parts. 

Bengal gram 

80-0 


Khesari gram 

... 

80-0 

Crushed oats 

8-0 

8-0 

Skimmed milk powder 

5:0 

5-0 

Dried brewer’s yeast ... 

1-0 

1-0 

NaCl 

1-0 

1-0 

Gingelly oil 

4-0 

4-0 

Shark-liver oil (containing 1,000-1, .500 I.U./g.) 

1-0 

1-0 


100-0 

100-0 


Eacli animal was confined in a separate cage under conditions of scrupulous cleanliness 
and was weighed weekly. The average body-weights of 10 animals in each group are shown 
diagrammatically in Fig. 1 ; — 



Weeks. 

I’ie. 1. — Averapo wcicht curves of guinea-pigs receiving diets containing SO per cent Bengal gram and 80 per 

rent kiiesnri gram respectively. 
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'flic animals receiving tlie Bengal gram diet grew steadily and remained in pcrlcct 
health ; n'hile those receiving the khesari gram diet did not show' any significant increase 
in weight. They developed alopecia ajid a slight dermatitis within the first few weeks o£ the 
experiment, and their coats were ditty. The animals showed an extreme reluctance to move 
about. In no experiment, however, did they develop paralysis of the hind legs, but they 
remained in this condition throughout the experimental period. Some 50 per cent of the 
animals on khesari gram died suddenly and the remaining ones and those recehdng the 
Bengal gram diet were sacrificed simnltaneously and were subjected to a post-mortem 
examination. A naked-eye examination of the tissues from animals on khesari gram diet 
on post mortem revealed marked hismorrhages in the adrenals in certain cases and the livers 
and the kidney were not normal. (Tliej' were slightly enlarged, soft in consistency and pale 
in colour. On sectioning, tlie cortex and the medulla in the kidney could not be differenti- 
ated.) The tissues and the nerves, however, were not subjected to a tborongb bistolo^cal 
examination. The results of this experiment in general appear to suggest that there is a 
factor toxic to guinea-pigs, in the latlmns seeds, the ill-effects of which could not he pre- 
vented by the inclusion in the diet of liberal amounts of the known vitamins. 

Second experiment . — This experiment was a repetition of the first experiment with the 
difference that instead of male guinea-pigs, younger guinea-pigs — male and female — ^weighing 
200 g. to 250 g. were used, other experimental conditions remaining the same. The experi- 
ment was of iirterest. since, in humans, the adult man is found to he more susceptible to 
lathyrism than either a woman or a child. The harmful effects of the kliesari gram when 
it formed a part of the diet, were observed in both male and female guinea-pigs and the 
symptoms manifested themselves in approximately the same time as in the animals in the 
first experiment. These findings appear to suggest that the age and the sex of the aniin.al 
do rrot seem to influence its susceptibility to deleterious effects of khesari gram. 


Third experiment . — This experiment was planned with a view to study the effect of 
(1) the removal of the outer husk of the khesari gram, since a theory has been put forward 
tliat the only liarmful part of this grain is the husk (private c’oinmuuication, Director of 
Public Health, Central Provinces and Berar) and (2) the substitution of Bengal gram in the diet 
by other grams, viz. the green and the black grams, on the growtli of gni))ea-pigs. The 
composition of the diet otherwise was the same as described in Table I. Guinea-pigs 
distributed equally between the two sexes weighing from 300 g. to .350 g. were used. Tlie 
experiment was repeated in two separate batches, each batch consisting of 10 animals. 
They were grouped as follows ; — 


1st group ; 


8 guinea-pigs (4 in each hatch) receiving the whole 
khesari gram diet. 


2x1) group; ... 8 guinea-pig.s (4 in each batch) receiving the husked 

khesari gram diet. 

3rd group; ... 8 guinea-pigs (4 in each batch) receiving the green 

gram diet. 

4tii group : ... 8 guinea-pigs (4 in each hatch) receiving the black 

gram diet. 

Each guinea-pig was given 5 mg. of ascorbic acid daily. 


The results of this experiment are shown in Fig. 2 (p. .302). 


’ The growth of guinea-pigs on either green gram or black gram diet was comparable with 
that obtained when the animals were fed the Bengal gram diet, and these animals remained in 
good health tliroughout the experimental period. These results show that both the mreen 
gram and the black gram diets were adequate for the growth of this species of animals ^The 
diets containing khesari gram (with and without husk) did not promote ^owth ill the 
animals developed the same symptoms as describedin the first experiment. Thus the removal 
of the husk does uot appear to remove the harmful principle of the gram Ei4t out of IG 
gumea-pigs died m the course of this experiment; amongst those died. 6 developed deep trophic 
u cers in the hind legs m about 10 to 16 weeks on the diet containing khesari gram^ These 
ulcers could not be cured by mtramusgiOat injections of thiamin or hv inclu.rion of liberal 
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amounts of all the B vitamins in the diet. AVliether those ulcers were due to the degeneration 
or impairment of the sensory nerves is not known. Only a thorough histopathological 
examination of the sensory and the motor nerves and of the spinal cord will settle this point. 



. Weeks. 

Fi". 2.— ElToct of iucliwiou of green gram, black gram and khcsari gram (witli 
and witlvont husk) in the diet on the growth of guinea-pigs. 

Fourth experini'nil. — In this experiment an attempt was made to find out what propor- 
tion of khesari gram could be included in the diet of guinea-pigs to lead to the danger of the 
disease. The composition of the different diets used is given in Table II. (Atta was used 
in this experiment, since, in i)laces. where khesari gram is consumed, it is often mixed with 
wheat.) 

Table IT. 


Coin position of the experimental diets. 


ConipoiU’iit'. 

I) 

i K 

' T 

S. 

V 

a V 

t 


1 

o 

»> 

o 

4 

Khesari gram 

• •• 

T.j-O 

50-0 

.30-0 

Atta 

so-u 

.)'0 

SO-O 

.■>0-0 

.Skimmed milk powder 


.->■<) 

.->■0 

0-(i 

(’rushed oats 

s-(l 

S-0 

S-0 

S-0 

Gingellv oil 

4-0 

4-0 

4-0 

4-0 

Dried brewer's vea--t 

1-0 

I-U 

1-0 

1-0 

X.aCl ... 

l-<> 

1-0 

i-o 

1-0 

Shark-li\cr oil 

1-0 

1-0 

J-(l 

1-0 


1000 

100-0 

100-0 

100-0 


.X'-corhic acid 5 mg. per animal per day, 
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Twenty-four guinea-jiigs, weighing from 400 g. to 450 g., distributed equally between the 
two sexes, were tised in this experiment. They were divided into 4 groups (6 animals in eacJi 
group). Tiie 1st, 2nd, 3rd and 4th groups were given Iv^s. 1, 2, 3 and 4 diets respectively. 
The average body-weights of the animals in the different groups are shown in Fig. 3 : 



Of the four diets tested, diets Nos. 1 and 4 appear to be adequate for the growth of guinea- 
pigs. Diets Nos. 2 and 3 were injurious to these animals ; inclusion of wheat at a level of 30 
per cent in diet No. 3 does not appear to protect them against the harmful effects of khesari 
gram. In groups 2nd and 3rd, 6 animals out of 12 died in 8 to 12 weeks from the start of the 
experiment ; of those died, 4 developed deep trophic ulcers in the hind legs. This experi- 
ment shows that inclusion of khesari gram in the diet at a level of 30 per cent does not produce 
toxic effects in guinea-pigs. These observations fall in line with the suggestions of Buchanan 
(1904) that khesari gram at 30 pec cent level in the diet was not harmful to man. 

Discussion. 

The experiments reported in this paper show that the guinea-pigs grew properly on diets 
consisting largely (80 per cent level) of Bengal gram, green gram and black gram. Wlien. how- 
ever, khesari gram was included in the diet at 80, 75 and 50 per cent levels, a morbid condition 
was produced in these animals. They did not grow properly, developed alopecia, a slight 
dermatitis, and in some cases acute trophic ulcers in the hind legs. No obvious paralysis 
of the hind legs was. however, observed. On death, the tissues from these animals ^4re 
subjected to post-mortem examination, which revealed certain changes in the liver, the 
kidney and the adrenals. These changes were identical in every case. The symptoms 
described above, however, did not occur in animals fed a mixed diet containinc 30 ner 
cent khesari gram and 50 per cent wheat. ^ 
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McCombie Young (1927) has suggested ‘ that lathyrism may be to some extent a defi- 
ciency disease which is produced in persons living in a state of nutritional instability on a 
diet noticeably lacking in vitamin A ; by prolonged ingestion of a legume, the amino acids of 
whose proteins are unsuitable as a diet and perhaps specially harmful, which is itself deficient 
in fat-soluble A Mellanby (1934) has suggested that lathyrism is due to the presence of a 
neurotoxin in khesari gram ; the deleterious effects of which were enhanced in vitamin A 
deficiency and prevented by inclusion of vitamin A or carotene in the diet. The possibility 
of such a deficiency occurring in the experimental diets used in this investigation has to 
be ruled out, since all the diets contained adequate amounts of all the known vitamins. 
Thus, the morbid condition induced in guinea-pigs by feeding them diets containing a large 
proportion of khesari gram may be attributed to the presence of a toxin in these seeds. 
As regards the nature and mode of action of this toxin, nothing is known at the moment 
and is a matter for future investigation. 

The question whether the morbid condition induced in guinea-pigs is related to lathyrism 
in man must be left undecided until further investigations and a thorough study of the pathol- 
ogy of the two diseases proves or disproves their identity. 


Summary. 

1. The effect of feeding diets consisting largely of Bengal gram, green gram, black gram 
and khesari gram and containing adequate quantities of the known vitamins on the growth of 
guinea-pigs has been investigated. 

2. Guinea-pigs grew normally on the diets containing Bengal, green and black, grams. 
They, however, did not grow when khesari gram (with or without husk) was included in the 
diet at 80, 75 and 50 per cent levels ; the animals were extremely reluctant to move about ; 
they developed alopecia, a slight dermatitis and in certain cases deep trophic ulcers in the 
hind legs. No obvious paralysis of the hind legs was observed. These symptoms were 
identical in every case. 

3. Guinea-pigs on a mixed diet consisting of 30 per cent khesari gram and 50 per cent 
wheat did not develop these symptoms, and remained in good health. 

4. Young and adult and male and female guinea-pigs were equally affected. 

5. The harmful effects observed with khesari gram could not be alleviated by the addi- 
tion of vitamins (vitamins A, C and those of the B group) to the diet and thus they are 
attributed to the presence of a toxin in these seeds. 


Thanks are due to Mr. M. Susai, Laboratory Assistant, for the technical assistance 'ren- 
dered in this investigation. 
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Introduction. 

At the instance of late Colonel II. W. Acton and Colonel Sir Ram Nath Chopra of the 
School of Tropical Medicine, Calcutta, a study of the dextrorotatory hydrocupreidine 
derivatives was undertaken a few years ago by one of the authors (B. M.) in collaboiation 
with co-workers. Investigations concerning ha>inolytic activity (Chopra. Mukerji and 
Chakravarty. 1938). comparative action on cligestive enzymes (i\iukerji and Iyengar. 1938) 
and comparative lethal effects on Paramcecinm cartdaitm (Mukeiji, Dutta and Ganguly, 1942) 
of hydrocupreidine and its higher homologues have already been reported. From the earlier 
studies on their haemolytic effects in general and the inhibitory effects on digestive enzvmes 
of the higher members of the series in particular, it became apparent that these derivatives 
might not prove suitable for systemic medication, either by the oral or the parenteral 
routes. A general study of their pharmacological properties with particular reference to 
the circulatory and the respiratory systems (unpublished) also failed to reveal any desirable 
features in their actions (using the dosage range in which these salts could be safely 
administered), wdiich might indicate therapeutic promise in the above directions. 

The rather powerful effects in high dilutions of these derivatives on paramcecia, however, 
opened up the possibility of their being used as protozoocidal, spermicidal and perhaps 
bactericidal remedies on surface application. Work was, therefore, concentrated in these 
directions. In the present paper, an attempt is made to report the findings in connection 
with the spermicidal potency of some hydrocupreidine derivatives. 

Baker (1931a, 19316), Baker and Ranson (1934), and Baker, Ranson and Tynen (1937) 
have investigated the spermicidal values of a large number of pure chemicals and commercial 
contraceptives available either as suppositories or jellies, hlost of the chemicals tested by 
him proved to be insufficiently soluble, unstable in spermicidal concentrations or liable 
to stain the tissues or fabrics used in feminine hygiene. It was further observed that the 
majority of commercial suppositories or jellies were not sufficiently strongly spermicidal 
to enable users to rely on them implicitly. There is room, therefore, for the'" elaboration of 
newer spermicides of high and immediate efficacy. Some members of the hvdrocupreidine 
senes, as will be seen from the results recorded herein, appear to offer promise of bein® utilized 
as satisfactory spermicides, either alone or in combination with other pharmaceutical imrre- 
dients in suitable vehicles. ^ 


Experijiental methods. 

The investigation was conducted with guinea-pig sperms, firstly because these are readilv 
available and secondly because it is stated on good authoritv (Baker, 19326) that these 
sperms, when suspended in albumin saline, react to spermicides in much the saine wav S 
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human spermatozoa. The technique aj)plied was essentially the same as that of Baker, 
Ranson and Tynen (1937) with slight modification to suit local conditions. Adult male guinea- 
pigs, not less than 600 grammes in weight, were killed by a blow on the head and the testes 
dissected out. The tails of both the epididymos were cut and the contents squeezed out into 
a suitable solution (albumin saline). The sperms were thoroughly mixed with the diluting 
fluid. The subsequent procedure was carried out at a constant temperature of 37“C. ± 1°C. 
The stock solution of the substance to be tested was then diluted to required concentration 
in normal saline and 0‘3 c.c. of this solution at 37°C. was mixed with 0‘3 c.c. of the sperm 
suspension at the same temperature. The substance is now half the concentration at which 
this was first made up. The sperms were examined on the warm stage (37°C. ± 1°C.) of 
the microscope at the end of 5 minutes and 30 minutes, and their activities recorded as 
follows : — 

‘ 3 ’ indicates that the majority of the sperms are inoderately or very active. 

‘ 2 ’ indicates that 10 per cent of the sperms are moderately active or that the major- 
' ■ ity are feebly active, or that there is any greater amount of activity that is 

less than ‘ 3 

‘ 1 ’ indicates any activitv less than ‘ 2 including the slightest movement in a 
single sperm, 

‘ 0 ’ indicates that examination of 10 microscopical fields fails to reveal the slightest 
movement in a single sperm. 

If the sperms were rendered immobile in 30 minutes, the suspension was diluted 
three times with ‘ alkaline diluting ’ fluid* to find out whether they were merely 
immobilized or really dead. Spermicidal value of a substance was arbitrarily taken as 
the minimum concentration of that substance which produced death of the sperms in 
30 minutes. 

Suspension of sperms in albumin saline . — The ‘ albumin saline ' for suspension of sperms 
was made up in the same way as recommended by Baker et al. (1934). It was found 
desirable, however, to change the proportion of egg albumin to sodium cliloride (2 ’3 c.c. 
egg albumin to 0*7 c.c. of 0'9 per cent NaCI) slightly so as to obtain a thinner suspending 
fluid (2 parts of egg albumin to 1 part of ()’9 per cent NaCl) allowing of better motility 
of the sperms. 

Preparation of test solutions. — ^Hydrocupreidine derivatives are either insoluble or 
sparingly soluble in water. Their corresponding hydrochlorides being more soluble in water, 
these were used in the experiments. In all cases, the bases were converted into their corres- 
ponding hydrochlorides by the addition of calculated amounts of N/l hydrochloric acid. 
A 1 per cent (100 mg, 10 c.c.) stock solution was first made and subsequent dilutions were 
made from this. Some of the higher homologues, e.g. iso-heptyl salt, reqiiired more than the 
calculated amount of hydrochloric acid to dissolve, resulting in a solution with a high acid pH. 
Parallel studies under optimum pH could not be carried out with these salts even after 
buffering. These were therefore not used. Ethyl-hydrocupreidine was found to have 
partially disintegrated and hence discarded from the present study. 

Hydrogen-ion concentration of test solution. — The most favourable hydrogen-ion concen- 
tration for the activity of sperms was found to be between 7'5 and 9-5. The motility was 
arrested below pH G-5 or above 10. Tlie pH of the resulting solutions formed by mixing 
equal quantities of test solutions and sperm suspended solution lie between 7-0 and 7-8 and 
this is quite favourable for the activity of sperms. In killing concentrations, none of the salts 
except hydrocupreidine hydrochloride' showed any tendency to precipitate out when mixed 
with an equal quantity of sperm .suspended solution. In a concentration of 1 in 600, i.e. 
killing concentration, this salt was often unstable and e.xperiments had always to be done 
with freshly prepared solutions. 


* Alkaline diluting fluid is prepared bv mixing equal volumes of solutions A and B, Sol. A : NafllPO,. 
12H,0, C per cent in water; Sol. B : glucose- 3'0 g., Na,HPO^. 12H, 0-0-0 g., NaCl-0-2g., KH.PO^-O’Ol g., 
dist. water— lOOy.c. 
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Eesults. 

The spermicidal values of different hydrocupreidiue derivatives in relation to that of 
quinine hydrocliloridc, which is taken as the standard for comparison, is shown in Table I. 
In Table 11, the corresponding values of the available hydrocupreine derh'atives (laavorotatory 
salts) are given. It will be seen that hydrocupreidiue hydrochloride is a weak spermicide 
having almost the same effect as that of quinine hydrochloride. The addition of an, alkyl 
radicle to the side chain considerably increases the killing concentration of the salt and this 
increases as we ascend higher up in the series. In this respect, the effect is similar to, and 
almost parallel with, the hjemolytic and paramcecidal activities of these derivatives reported 
earlier. The sperms are, however, more resistant to the action of these salts tkan paramce- 
cium. Normal hexyl hydrocupreidiue hydrochloride is somewhat peculiar in its behaviour. 
This salt, contrary to its position in the homologous series, is found to possess the highest 
.spermicidal value. Compared to quinine hydrochloride, it is approximately one hundred and 
eight}’^ times stronger {killing concentration is 1/360 per cent, i.e. 1 in 36,000). No definite 
relationship, as was observed in the lethality of P,.caud(ttum. could be demonstrated between 
the normal hydrocupreidines and their corresponding isomers. Normal butyl hydrocupreidine 
hydrochloride is more powerful in its action than its iso-derivative^ whereas normal amyl 
hydrocupreidiue hydrochloride is less toxic to spermatozoa than its iso-salt. No significant 
difference existed” between dextrorotatory hydrocupreidine derivatives and their corres- 
ponding Isevorotatory hydrocupreine isomers in their action on guinea-pig sperms. 


Discussion. 

Hydrocupreidine derivatives, as will be seen from the results obtained, possess remark- 
able spermicidal power. Baker (1931a, 1931b) investigated a large number of chemicals 
for their comparative spermicidal values. Substances such as quinine, chinosol, quinine 
urea hydrochloride and lactic acid, which form the basic substances for the chemical 
contraceptives in common use, were all found by him to be poor spermicides. The 
.spermicidal values of quinine hydrochloride is ^ per cent ; that of chinosol and quinine 
urea hydrochloride is | per cent (1 in 400). Tables I and II show that under identical 
experimental conditions most of the salts under investigation are much more potent than 
any of the chemicals referred to above. Methyl hydrocupreidine hydrochloride is about 
twenty-five times stronger than quinine hydrochloride and N-hexyl hydrocupreidine is 
about one hundred and eighty times more powerful. The spermicidal power of the latter 
salt is even higher than mercuric chloride, which, besides quinones (tolu-, butyl-, methoxy-, 
and parabenzoquinones), was considered by Baker (1932a) to be tbe strongest spermicide 
known (killing concentration of mercuric chloride is 1/256 per cent). 

Mercuric chloride, quinones and other similar substances possessing high sper- 
micidal values have little practical utility ; either they are injurious to the tissues or stain the 
tissues when applied or are unstable in effective concentrations. The higher members of the 
hj'drocupreidine series, in effective concentrations, are soluble in water and are not precipi- 
tated in the faintly alkaline medium which may be expected to exist inside the vagina. In 
such concentrations they appear to possess another advantage in that they do not produce 
any undue local irritant effect on application to the mucous surfaces, such as that of vagina 
and conjunctiva of the rabbit. Some of these salts, therefore, deserve further trial as consti- 
tuents for chemical contraceptives. 

IrVhat really contributes to the high spermicidal power of these salts is not known. But 
it is interesting to note that the spermicidal values increase up to the hexyl salt with the 
addition of the carbon and hydrogen atoms to the side chain. Probably the ability of a salt 
to ionize quickly influences to a certain extent the degree of its activity. 


Summary. 

] , Sperniicidal values of hydrocupreidine derivatives and their corresponding available 
ItevoTotatorv isomers have been studied on cavy (guinea-pig) sperms and compared vutli that 
of quinine hydrochloride. 
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2. The hydrocupreidine derivatives are powerful spermicides and this action generally 
increases (up to the hexyl derivative) with the addition of alkyl groups in the side chain. 

3. There is no significant difference in the behaviour of dextrorotatory hydrocupreidine 
derivatives and their corresponding Isevorotatory isomers, nor is there any definite 
relationship between the iso- and normal salts. 

4. Some of the hydrocupreidine derivatives are very potent spermicides and in view 
of the high dilutions in which these can exert their action and the absence of local irritant 
effect on the vaginal mucous membrane, these salts offer promise of being utilized in con- 
traceptive preparations, provided suitable pharmaceutical formulae in which this action is 
best elicited could be elaborated. Work is in progress in this direction. 
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Table L 

Effect of dextrorotatory hydrocuprcidinc derivatives on cavy {guinea-pig) sperms. 
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indicates that it cannot be quickly decided whether tlie sperms should be graded as ‘ 1 ’ or ‘ 2 For explanation of symbols •' 0 ‘ 1 ‘ 2 ’ and ‘ 3 ’ see text. 
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The question wliefclier human schistosomiasis can be transmitted in India attracted atten- 
tion after the war of 1914-18 when troops returned to India from Eg 5 T)t, where they had 
contracted the disease. Though schistosomiasis has been reported in India from time to time 
since 1887, it has been mainly in persons who had visited endemic areas outside India, and 
only five cases have been recorded in the literature in persons who had never left India. The 
first case was reported by Powell (1903rt, 1903Z>) in a Hindu resident of Bombay who had 
painless hEematuria without any constitutional effects. Numerous ova with terminal spines 
were found in the urine. The second case was recorded by Sewell (1904) in a British soldier 
who had passed dark-coloured urine with numerous ova of Schistosoma hcemaiobium. The 
patient had never served in any country except England and India, but it is not stated whether 
he passed through Africa on his way to India from England. The third case was reported 
by Hooton (1914) in a Parsi girl, aged 5 years, at Rajkot (Gujerat). She suffered from pain 
on micturition and passed smoky urine. Terminal spined ova were found in the urine. Eight 
years later another case was reported by Harlcness (1922) in England in a soldier who had been 
in Iniia for three years. He had been suffering from pain in the back and frequent micturi- 
. ti’on for two months with a history of a similar attack two years preHously when stationed 
in India. During the second attack in England, ova of S. hwmaiobium were found in his urine 
and the condition cleared up after treatment with antimony. There was no mention whether 
he passed through Africa on his way to and from England. The last case was reported from 
Rawalpindi by Andreasen and Suri (1945). This was in an Indian Sikh sepoy, a resident of the 
Ambala district in the Punjab ; he had never left India. He was for a short time in Poona 
where West African troops were stationed at the time. Following a trivial injury in sports, 
he noticed blood in his mine and for two weeks suffered from dull pain in the lower abdomen 
and at the end of the penis after mictmition. Large number of ova of S. ha;maidbinm were 
found in the urine every day. The ova disappeared after injections of tartar emetic. 

, It will be seen that between the 1914-18 war and the 1939-45 war, only one case of schis- 
tosomiasis, contracted in India, has been reported. Had a suitable molluscan host existed 
in this country, there would presumably have been many more cases. 

In 1918, at the request of the Government of India, investigations on the transmission of 
the infection were undertaken by the Zoological »Smvey of India. Kemp and Gravely (1919) 
started their investigations in the neighbomhood of Hyderabad (Deccan), where some 
hundred men (returned from Egjqit) suffering from schistosomiasis were then living. Fresh- 
water snails were collected from the locality and examined for cercariaj of S. Immatobinm 
with negative results. Altogether 928 snails were examined and in 36 snails fork-tailed 
cercarijc were found, but these did not belong to the human schistosome group. Four hundred 
and fifty snails were exqmsed to active miracidia of S. hmnatohiim ; 251 were alive at the end 
of 4 to 8 weeks when they were dissected, but no parthenite were seen. This work was conti 
lined by Amiaudalc and Sewell (1920). Annandale made an exhaustive survey of the fresh 
water gastropod molluscs of India and Baluchistan excluding Assam and Burma He found 
the aquatic molluscan fauna of the plains of India ‘ from Peshawar to Cape Comorin and from 
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Bombay to Calcutta ' extremely uniform. He laid down for the first time the geographical 
boundaries of the range of the different species and groups of snails. Species of the genus 
Bulinus (the chief carrier of S. licamatohium) were not found within the limits of the Indian 
empire. In the same investigation Sewell rejieated the experiments with living miracidia of 
S.1i(Bmatohium on the more common freshwater snails of the Calcutta districts. He exposed 
1,532 snails, of which 617 survived at the end of two months. They were then dissected, but 
no parthenitae were seen. He also made an important study of the various forms of cercarisc 
in snails in India. He discovered a schistosome cercaria morphologically indistinguishable 
from that of S. jajyonicum in both Indoplanorbis exuslus and Ldmnoea ocuminaia. This finding 
has, however, not been confirnied by other workers. Cullen (1924) found the ova of S. japo- 
nicum in the f^ces of nine Chinese coolies in the border territory between Yunnan and the 
northern Shan States of Burma. The snail fauna of this locality was surveyed by Bao (1928). 
Every species of snail which was collected was examined, but Oncomelania. the carrier snail 
of S. japonicum in China, was not found. These snails were also examined for cercarise, but 
no true schistosome cercaria Avas identified. No further cases of S. japonimm infection in 
man in that locality were reported beWeen 1924 and 1928, although the immigration of the 
Chinese coolies from Yunnan into the northern Shan States had continued. No case of 
infection with S. mansoni either imported or indigenous has ever been reported in India. 


The present investigations. 

Ill May 1944, information ivas received that a large body of West African troops was 
stationed in the Ranchi area. Schistosomiasis is known to be endemic in West Africa, and 
it was expected that many of the troops would be infested with schistosomes. Examination 
of the urine and faeces of 22,317 African troops showed that 2,061 were passing ova of 
S. hcematobnon and 38 individuals the ova of S. mansoni. These examinations were carried 
out by military medical officers and the figures quoted have been taken from the report 
rendered to D.D.M.S., Eastern Command, by Major Rowland, R.A.M.C., Officer-in-Charge 
of the team. The presence of this large body of West African troops opened the question 
of the possibility of the spread of schistosomiasis in India, in spite of the fact that the carrier 
snails of schistosomes w'ere not known to exist in India. However, in order to reduce the 
reservoir of infective material, all infested individuals were given adequate treatment for 
schistosomiasis. During this work the observation was made by one of us (S. N.) that in • 
individuals with the history of hmmaturia or in individuals ivith very scanty ova in the 
urine, injection of antimony preparation often leads to the demonstration of ova in the urine 
or an increase in the number of ova in those cases Avhere ova have previously been scanty. 

A survey of the freshwater gastropod molluscs around the area occupied by the troops 
was undertaken and transmission experiments were carried out with the snails which were 
collected. 


Transmission experiment.?. 

(a) With snails collected from the Ranchi area. 

In June and July 1944, batches of snails were collected by one of us (S. N.) from the 
Ranchi area and from Chas (near Purulia). The snails were brought to Calcutta by railway 
and were kept in individual containers in fresh tank-water (from one of the local tanks of 
Calcutta). Ova of S. hannatobhim Avere concentrated by sedimentation of urine and were 
added to the AAmter containing snails. In the first experiment the snails were all dead within 
four da3^s. In the second experiment, instead of adding OAm, a number of freshly hatched 
miracidia Avere added to each container. The total number of miracidia used was approxi- 
mately 700. The mortality amongst the snails was very high. Except for five Acrostoma 
all the snails died Avithin one month. These fiAm Acrostoma Avere sacrificed at the end of tAV'o 
months and examination of these shoAAmd no infection. The species and the number of snails 
used in these two experiments were : Indoplanorbis exustns 29, Acrostoma variabile 7, Limncca 
Intcola 21, Melanoides tnhercidalns 2, and Vivipara bengalensis 40. 

Similar obserA'ations were made by Kemp and Gravely (loc. cit.) aa'Iio found that the 
majority of snails brought from Hyderabad (Deccan) to Calcutta died during transit. It Avas 
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decided, tlierefore, to try transmission experiments witli snails collected from tlie Calcutta 
area. 

(6) With snails collected from the Calcutta area. 

The snails were collected from the suburbs of Calcutta and were,kept in large earthenware 
pots (bazaar quality) in tank-water containing water weeds. In order to prevent breeding of 
mosquito larvae and also to prevent the snails from escaping, the pots were covered with 
coarse mosquito netting. There was no difficulty in maintaining a colony of snails. Labora- 
tory-bred snails were obtained and transferred to new pots. Some of the snails caught in 
nature were found to be infected with single-tailed cereaxise ; snails bred out in the labora- 
tory were free from such infection. Snails used for transmission experiments were observed 
for a few days to make sure that they were free from infection and only those snails that did 
not pass any cercaria were used for transmission experiments. 

Ova oi-S. Immatohium were concentrated by repeated centrifugalization of the urine and 
the sediment was collected by a pipette and distributed on Petri-dishes. Tank-water which 
had been either filtered or boiled to eliminate cyclops and protozoa was added to the sediment 
and the number of ova and miracidia in each dish was counted, after which the dishes were 
filled with water. One snail was added to each Petri-dish and the snails were observed under 
the microscope to see if any penetration by the miracidia occurred. Ko such penetration 
was noticed in any instance. After about 18 hours of contact, the snails were removed to 
individual glass specimen-phials and kept in tank-water with a few water weeds. It vfas 
noticed that snails of the genus Gyraulus, Limnoea and Vivipara often tried to crawl out of 
the water and to prevent this, gauze -cloth was tied round the top of the containers. The 
snails were kept in the laboratory and examined for from 8 to 14 weeks. The temperature 
in the laboratory during the period of observation, i.e. from June 1944 to May 1945, varied 
from 78°F. to Many of the snails died within three days of exposure. 

The racks of the phials containing the snails were exposed to sunlight for one hour and 
the phials were examined with a hand lens for cercariee. This was done approximately three 
times a week. The water containing the snails was changed once a week. The snails that 
died were dissected and those that survived the period of 8 to 12 weeks were sacrificed. No 
parthenitae were seen in any of these snails. 

Table I shows the number of snails exposed and their mortality ; — 

Tabue I. 


Snails. 

Total 

number 

exposed. 

Total 

number 

died. 

Died 

4-28 

daj'B. 

Died 
over 28 
days. 

Sacrificed. 

Acrosfoma iwiobile ... 

1 

0 

0 

0 

1 

BMynia pulcheUa 

200 

69 

5 

64 

131 

Gyraulus convexiuscuhis 

109 

125 

19 

106 

34 

Indoplanorbis cxuslus 

59 

51 

10 

41 

8 

Limnaa luteola 

109 

164 

94 

70 

5 

Melanoides lincaUis ... 

m 

64 

9 

55 

37 

Mdanoidts lubcrculahts 

57 

29 

3 

26 

28 

Vivipara beugalensis ... 

142 

67 

12 

55 

75 

Totju-s 

... 8SS 

569 

152 

417 

319 
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■ S. mansoni. . . . . 

Investigations on the transmission of S. mansoni through Indian snails had not been 
carried out before in India. Annandale .and Sewell [loc. cit.) stated that they did not get 
a suitable case of S. mansoni. We were able to get a few infested African troops from whom 
a good supply of S. mansoni ova was available. 

The ova were concentrated by repeated sedimentation of the faeces in water and from 
the sediment the ova were picked out with a fine pipette under the one-inch objective of the 
microscope. The ova were counted and added to the water in the Petri-dishes containing the 
snails. The ova took a longer time to hatch than those of S. hce^natobnm but almost all the 
ova hatched in 24 hours: The snails were kept in contact with the miracidia for 18 hours 
and were then transferred to individual phials for further observation. 

Some of these snails died within three days ; these ' were discarded. The rest were 
dissected as they died or were sacrificed at the .end of 8 to 12 weeks. No parthenitsc were seen 
in any snail. Table II shows the snails exposed and their niortalit}’^ : — 


Table II. 


Snails. 

Total 

number 

exposed. 

'I’otal 

number 

died. 

Died 

4-28 

days. 

Died 
over 28 
days. 

Sacrificed. 

Aoostoma variabilc 

2 

• 1 

1 

0 

1 

Biihynia jnilchdta 

50 

6 

5 

1 

14 

Gyra ulus convexi u sent us 

30 

20 

o 

15 

10 

Indoplanorbis exustus 

.39 

43 

32 

11 

16 

Limnoca luieola 

.12 

12 

10 

0 

0 

Melanoides lineatns ... ~ 

20 

13 

2 

11 

13 

Melanoides tuberculatu’i 

21 

3 

1 

2 

IS 

Viripaia bcngalcnsis ... 

33 

8 

4 

4 

25 

Totals . 

239 

100 

GO 

40 

133 


Different species of Planorbis have been incriminated in different localities as interme- 
diate hosts of S. mansoni ; e.g. P. hoissyi in Egypt and Abyssinia. P. alexandrinvs and 
P. lierheni in the Sudan, P. j^efferi in Natal, Australobis gJabratns (syn. P. gvadaloicpensis) 
in Venezuela and Porto Rico. Annandale and Sewell {loc. cit.) doubt whether true Planorbis 
occurs in India. The common species found in India have been brought under a new genus 
Indoplanorbis distinguished from Planorbis by anatomical differences in the soft parts. 

It was thought possible, however, that S. mansoni might undergo development in this 
allied Indian species but our experiments with 59 of these snails gave negative results. 

It may be mentioned that dxiring the exposure the miracidia of both S. hcematobinm 
and S. 7 nansoni were not attracted to any snail ; they swam about without any attempt to 
penetrate the soft parts of these snails. Only in two instances was it obserxmd that the 
miracidia of S. hrrmatobium attached themselves to a Melanoides and an Indoplanorbis but 
after a .short time they detached themselves again. 

It was not ])ossible to observe all the snails, but a few of each genus were observed under 
the microscope for as long as five hours at a stretch. No actual penetration was seen, 
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Discussiox. 

An extensive survey of tlie freshwater gastropod molluscs of India by various observers 
shows that, the intermediate hosts of human schistosomiasis as reported from other countries 
do not apparently exist in India. India was exposed to this infection after the return of 
infected soldiers following the war of 1914-18. Although a few indigenous cases have been 
reported in indmduals who had never left the countrj’’. no instance is known of any localized 
outbreak of the disease as one would expect if a suitable molluscan host was present. 
Against this it may be argued that the country was never exposed to such heavy infection 
as has been the case during this war of 1939-45 ; two thousand infected cases were present in 
one division alone. From the zoological point of xdew there is no reason to discredit the 
idea that the snails of India might not adapt themselves in future to human schistosomes. 
All the previous and present experimental work has been carried out in the laboratory. 
Under natural environmental conditions additional factors may be operative. 

In the present state of our knowledge, it is not possible to explain the occurrence of the 
few sporadic cases of S. iKpmaiobiwn infestation in man in India which have been reported 
from time to time. Repeated examination of the local population for schistosomiasis in areas 
where African troops were located in India during the war of 1939-45 is indicated as a long- 
term policy. Transmission experiments and survey work were later carried out on an exten- 
sive scale by 6.H.Q. (I.) Parasitology Research Team and a report by Major Hsu is under 
publication. 

Summary. 

Attempts to transmit the infection of Schistosoma hoemaiohinm and S. imnsoni through 
the common Indian snails were not successful. 


Our thanks are due to the Indian Research Fund Association for a grant to carry out 
the present investigation, and also to Dr. B. Chopra. Director. Zoological Survey of India, 
for identifjdng some of the snails. 
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The following observations on the action of lieparin on the venom of Vipera russelU 
(daboia) are sufficiently interesting to warrant publication. 

Heparin* used in tbe experiments was a solution in physiological saline of the sodium 
salt of heparin of a strength of 10 mg. per ml., each mg. representing 110 Toronto units 
approximately. . - 

The venom was a well-dried sample composed of a mixture of the venom extracted from 
several Russell’s vipers. Its minimum lethal dose for pigeons and rabbits injected 
intravenously was 0‘005 mg. and 0T5 mg. respectively. The sample may be considered as one 
of average toxicity. 

Table I. 


Action in vitro. 


Daboia venom 
in mg. - ' 

Heparin 
in mg. 

.Sheep blood 
in ml. 

Result. 

0-10 

Nil 

1-0 

Clot 45 sec. 

o-oi 


1-0 

Clot 1 min. 30 sec. 

0-001 

„ 

1-0 

Clot 2 rain. 

0-0001 


1-0 

Clot 3 min. 30 sec. 

Nil 

„ 

I-O 

Clot 8 min. 

>» 

1-00 

1-0 

No clot. 


0-10 

1-0 

No clot. 


0-01 

1-0 

Clot after 24 hours. 

o-io 

1-00 

1-0 

No clot. 

0-10 

0-10 

1-0 

No clot. 

0-10 

0-05 

1-0 

Clot after 12 hours. 

0-10 

0-04 

1-0 

Clot after S hour.s. 

0-10 

0-03 

1-0 

Clot after 4 hours. 

0-10 

0-0-2 

1-0 

Clot after 1 hour. 

0-10 

0-01 

1-0 

Clot after 2 min. 40 sec. 

0-10 

0-005 

1-0 

Ciot after 2 min. 5 .sec. 


* Heparin was obtsvined through the eonrtesv of Messrs Pi: T tn,- x. ”7 ~ I ~~ ~~ — " 

their generous supply. . , • ^ ‘ «'hora our thanks are due for 
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It will be seen Ironi Table I that O'lO mg. of heparin mixed with O'l mg. of daboia venom 
is capable of preventing in vim the coagulation of 1 ml. of sheep blood. 

in vivo experiments. 

Table II. 


Russell’s viper venom and heparin mixed, incubated 
at 37°(7. for 30 ndnuies and the mixture 
given intravenously. 


Rabbit, weight in g. 

Venom in 
mg. 

Heparin in 
nig. 

Result. 

1,080 

0-15 

7-0 

Survived. 

1,400 

0-15 

6-0 

♦ » 

1,935 

0-16 

4-0 


1,870 

0-16 

2-0 


1,590 

0-15 

1-0 

f9 

1,730 

0-15 

0*5 

99 

1,625 

1-50 

10-0 

99 

j' 1,910 

Control 1 

1 1,810 

0-16 

Nil 

Died, 8 min. 

0-15 


Died, 4 min. 


Table III. 


Russell’s viper venom and heparin mixed and the mixture 
injected intravenously immediately 
' after preparation. 


Pigeon, weight in g. 

Venom in 
mg. 

Heparin in 
mg. 

Result. 


310 

1-0 

6-0 

Survived. 


340 

1-0 

5-0 

99 


310 

1-0 

5-0 

99 


r 300 

O'OOS 

Nil 

Died, 45 sec. 

Control ■ 

320 

0-005 

99 

Died, 1 min. 


^ 360 

0-005 

99 

Died, 45 sec. 
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Table TV. 


Russell’s viper venom and heparin mixed, inctihalcd at 
for 30 mim'lcs and the mixlurc given intramnsmhrhj. 


Rabbit, weight in g. 

Venom in 
ra". 

Heparin in 
mg. 

Result. 

1,075 

10 

20 

Survived. 

1,72.-. 

40 

80 

*f 

i,n.-.o 

10 

XU 

Died. 

1.300 

10 


” 


It is endent from tlie results reported in Tables II. Ill and IV that (1) heparin ^rhen 
mixed with daboia venom is capable of rendering inert the toxic fraction (or fractions) of the 
venom, (2) this action is as complete immediately after preparation as after incubation for 
half an hour, (3) 5 mg. of heparin can counteract the toxic effects of 1 mg. of venom represent- 
ing 200 intravenous lethal doses for pigeons, and (4) 40 mg. of daboia venom which is a lethal 
dose for a human being does not cause death in a rabbit when this dose is given intramuscularly 
mixed with 80 mg. of heparin. 

Table V. 

Heparin given intravenously followed by venom 
intravenously 5 minutes later. 


Babbit, weight in g. 


Venom in 
mg. 


Result. 


1,275 

3-0 

0-15 

vSurvived. 


1,5.75 

5-0 

0-.30 



1,050 

100 

1-00 



1,7.75 

20-0 

.7-00 

>♦ 


1,875 

40-0 

10-00 

ft 


1,050 

40-0 

20-00 

Died, 4 hours. 


1,300 

100 

10-00 

Survived. 


1,725 

5-0 

10-00 



1,760 

2-.7 

10-00 

Died, 2 hours. 


1.005 

1-0 

10-00 

Died, 3 min. 


t 1,820 

XU 

0-lS 

Died, G min. 


Control i 2,00,7 


0-20 

Died, 7 -min. 


( 1,800 

,, 

10-00 

Died, 2 min. 



The results in Table V show that (1) heparin can be given to rabbits intravenouslv witlmut 
anv untoward effects m doses up to 20 mg. per kilo, and (2) its action is as eSective in vivo 
as in Vitro, 10 mg. of venom representing over 60 lethal doses having failed to cause death 
in an animal given 5 mg. of heparin intravenouslv. 

In the above e.xperiment heparin was administered to animals before infection of venom 
a condition quite different to what happens in an actual case of snake bite. This method 

had to be adopted as the effect of venom given intravenously is far too rapid for anv subsequent 
attempts at treatment to be effective. - . ' ‘^“^uuent 


J, MR 
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The more natural line of approach wonkl of course be the subcutaneous or intramuscular 
injection of venom followed by treatment with heparin. Unfortunately the absorption of 
Russell’s viper venom by the subcutaneous or intramuscular route is so irregular and variable 
that it is difficult to draw accurate conclusions from such experiments. Anderson (1932) 
found the same difficulty and Lad to substitute the intravenous for the intramuscular route 
in the standardization of antivenene. In spite of these drawbacks it was, however, considered 
advisable to test the value of heparin under conditions approaching those obtained in actual 
practice. Venom was administered to rabbits by the' intramuscular route and heparin intra- 
venously as well as by local infiltration into the site of venom injection. The results recorded 
in Tables VI, VII and VIII despite a few anomalous findings, especially in untreated controls, 
are sufficiently encouraging to justify the therapeutic trial of heparin in definitely known 
cases of Russell’s viper bite. 


Table VI. 

RusselVs viper venom 10 mg. iniranniscvho' ; heparin 5 mg. 
intravenous, rejieated. 


llabbit, \Yeigl)t in g. 


Detaik of heparin 
iulniinistration. 


'J’otal lieparin 
in mg. 


Result.. 


1,320 

17x5 mg. during 48 hours 
after venom injection ; 
treatment commencing 
immediately. 

85 

Survived, 

1,800 

7x5 mg. in 24 hours ; 
treatment started 20 
minutes after venom. 

35 

$y 

1,205 

4x5 mg. in the first 80 
minutes ; treatment start- 
ed 20 minutes after 
venom. 

20 

Pied, 12 hours. 


- - — 


- 


Table VII. 


RusselVs viper venom 10 mg. iniramuscidar ; heparin intravenous 

by heal infiltration. 


Rabbit, weight in g. 

Local infiltration. 

Intravenous. 

Result. 

1,700 

10 mg, at once 

5 ing. after 1, 5 and 

9 hours. 

3 

5 mg. after 30 minutes:. 

Survived. 

1.440 

10 mg. at once 


1,.5.50 

15 mg, after 30 minutes 

5 mg. after 30 minutes 

f* 

1,080 

15 mg. after 45 minutes 

5 mg. after 45 minutes 

» 

1,.5.50 

10 mg. after 45 minute.s 

5 mg. after 45 minutes 


1.735 

Animal eollapscd 29 minutes after venom. Then 
given 10 mg. intramuscular and 5 mg. intra- 
venous. 

Died, 4 hours, 

8 minutes. 

1,4.50 

(venom 20 mg. intra- 
mnscnhir). 

20 mg. at once 

5 mg. after 10 minnles 

.Survived. 
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Table VIII. 


Controls: Russeirs viper venom inlramns- 
cular, no irealmenl. 


Rabbit, weight in g. 

Venom in mg. 
intramuscular. 

- Results. 

975 

10 

Died, 42 minutes. 

1,750 

10 

Survived. 

1,950 

10 

Died, 11 minutes. 

1,300 

10 

Died, 25 hours. 

1,140 

10 

Died, 17 lioui'S. 

1,910 

10 

Died, 30 minulcs. 

1,745 

30 

Survived. 

RtiOO 

20 

Died, 10 minutes. 


Discussion, 


Experimental evidence presented in the paper shows that heparin is capable of counter- 
acting the coagulant effect of daboia venom in vitro, O' I mg. of heparin when mixed with 0:1 mg. 
of venom preventing the coagulation of 1 ml. of sheep’s blood for 24 hours. That it is also 
highly effective in vivo is indicated by the fact that a rabbit given 10 mg. of heparin intra- 
venously followed 5 minutes later by 10 mg. of daboia venom (representing over 60 lethal doses) 
intravenously survives. It has also been shown that rabbits given a lethal dose of daboia 
venom intramuscularly and subsequently treated by administration of heparin can be saved. 
The exact mode of action of heparin in preventing fibath following daboia venom poisoning 
is not quite clear, "Wliether it acts by neutralizing the toxic fraction (or fractions) of 
this venom or merely by interfering with the coagulation mechanism of blood is under 
inyestigation. 


IManj’^ substances such as potassium permanganate, gold chloride, etc., are capable of 
detoxifying daboia venom in vitro but unfortunately they are destructive to tissues and too 
toxic for parenteral administration. Heparin has the great advantage that it can be given 
intravenously and can render inert the toxic effects of daboia venom in vitro and in vivo. 
E\ddence presented in this paper would suggest that it would be advisable to administer 
heparin intravenously as well as by local infiltration around the site of bite as early as possible. 

It is pointed out that a Russell’s viper can give a maximum dose of 100 mg. to 120 mg. of- 
venom in a full bite. A minimum lethal dose for a man is in the region of 40 mg. 
Theoretically even in extreme cases not more than 200 mg. of heparin will be required, while 
in most cases 100 mg. would probably suffice. However, the optimum dosage and methods 
of administration to be used in human cases can be arrived at only after extensive clinical 
trials preferably controlled by following the changes in the clotting time of the patient’s 
blood. It i.s not suggested that heparin by itself can talce the place of .specific treatment. All 
that can be said for tilt* juesent i.s that it is a n.>!eful remedy which has given most promising 
results m the treatnient of Russell s viper venom jioisoning in experimental animals and that . 
it may be of value m human cases, particularly when specific antivenene is not available o- 
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